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ABSTRACT 
The report examines possible sources of dissolved salts in the 
Price River basin. Ephemeral and intermittent streams contribute 
dissolved salts and are the focus of the study. Seven subwatersheds 
and the Price River at Heiner are investigated to examine the effects 
of existing watershed characteristics on runoff and dissolved salts 
production. Alternately, the report examines the effects of specific 
land treatments on surface runoff quantity and quality_ Various 
instrumentation techniques are evaluated to help improve future data 
collection capabilities in intermittent channels. The examination of 
the data reveals various trends that might be considered for further 
investigation in subsequent studies. 
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CHAPTER I 
INTRODUCTION 
The Problem 
Control of the rising salinity levels 
in the Lower Colorado River is becoming 
increasingly necessary from economic and 
po li t ica 1 points of view. Fa ilure to do so 
could result in very significant losses, 
primarily from the reduction of agricultural 
productivity on irrfgated lands in the 
southwestern U.S. and in Mexico (U.S. Depart-
ment of the Interior 1974). In addition, the 
suitability of Colorado River water for 
municipal and industrial uses would be 
reduced. Reducing salinity in the face of 
increased use will require the adoption of 
new management strategies. Research provides 
an understanding of the major processes 
causing salinity in the Colorado River, thus 
creating the foundation from which management 
techniques for salinity reduction might be 
developed. 
Salinity in the Colorado River results 
from salt pickup by irrigation return flows, 
contributions from natural sources, such 
as salt producing wells and springs, concen-
trations by evaporation, and salt loading 
from diffuse sources in the immense areas of 
uncultivated lands within the basin. Blackman 
et a1. (1973) estimate that 37 percent of the 
total salt loading in the Colorado RiVer 
occurs from diffuse sources in the upper 
basin. Mountainous areas of the upper basin 
yield most of the total river flow as 
relatively high quality water. As the 
"streams traverse the immense, semiarid 
lowlands, very little flow is contributed, 
except during storms, and the water quality 
deteriorates as the streams interact with the 
natural salt bearing geological formations. 
The Price River subbasin of Central Utah 
(Figure 1.1) exemplifies these diffuse 
loading conditions. Relatively high quality 
flow of less than 1000 mg/l TDS originates in 
the mountainous areas of the basin. As the 
river and tributaries tra"verse the lowlands, 
a near continuous decrease in water quality 
occurs which is attributable to diffuse 
sources. Water quality of the river moni-
tored at woodside has an average dissolved 
solids concentration of about 2500 mg/I. 
Significance of the Study 
The transport of salt by moving water 
occurs in three distinct components or parts 
of the runoff process; namely, overland flow, 
1 
channel flow," and subsurface flow. Figure 
1.2 depicts the hydrologic system and the 
associated movement or transfer of salt 
within the system. An adequate understanding 
of the natural processes involved in salt 
pickup from diffuse sources and the pre-
dicted physical effects of various management 
alternatives is essential for the development 
and implementation of an effective salinity 
control program within the Upper Colorado 
River basin. The paucity of available data 
and information emphasizes the importance of 
a study which is aimed specifically at 
providing the needed further understanding of 
the processes which contribute to water 
salini ty. 
The objectives of this study were aimed 
specifically at the problem of data paucity, 
and involve, in particular, the quantity and 
qua lity of surface runoff from intermittent 
streams in the Price River basin. An impor-
tant question which is addressed by the study 
entails the degree to which surface runoff 
quantity and quality might be controlled or 
managed by specific land surface treatments 
on the natural (public) lands in the basin. 
Study Objectives 
As indicated above, the broad objective 
of this research was to explore in a pre-
liminary way the relative effect of water and 
salt yields from Bureau of Land Management 
(BLM) lands within the Price River basin of 
the following watershed characteristics: 
1. Surface treatment of Mancos Shale 
derived soils: 
a. contour furrowing versus natural 
conditions 
b. chaining of pinyon-juniper areas 
versus no treatment 
2. Soils of the watershed-saline soils 
versus nonsaline soils. 
It was anticipated that this preliminary 
study might suggest first whether research on 
the water and salt conttibutions to the Price 
River from BLM lands should be continued as 
for the purpose of finding a viable salinity 
management alternative, and second, if the 
answer to the first question is affirmative, 
in which specific direction should the 
research efforts proceed. 
PRICE RIVER DRAINAGE 
--. Perennial Streams 
-'''- Ephemeral Streams 
Scale! 1:50,000 
Figure 1.1. Price River basin (taken from Riley et ale 1979). 
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Procedure 
It is emphasized that the study reported 
here is the first phase of a preliminary 
investigation of salt yields from surface 
runoff on public lands in the Price River 
basin. The general procedure which was 
followed was to instrument and monitor six 
intermittent flow watersheds within the Price 
River drainage. In addition, to give 
some indication of background salinity 
contributions from the mountains surrounding 
the basin, the Price River was monitored at 
Hein;er, a site near Castle Gate (see Figure 
• .1:)'.. The watersheds were selected to prov~ de ranges of soi 1 type, vegetative 
cover~ topography, and land surface condi-
tions •. It was anticipated that in'this way 
those conditions which are ,associated with 
high salt yields might be: ident ified for 
specific alHI. intensi\l'" investigations in 
subsequent studies. ' ' 
The Price River Basin 
The Price River basin, located primarily 
In Carbon and Emery Counties of east-central 
Utah, has a total drainage area of about 
4791 km2 (1850 square miles--Figure 1.1). 
The Price River flows in a generally south-
direction and enters the Green River 
town of Green River, Utah. The 
ATMOSPHERIC STORAGE 
C 8 
SNOW PACt< S 
E 
basin ranges from about 1280 m (4200 feet) 
above mean sea level at its confluence with 
the Green River to 3188 m (10,443 feet) at 
Monument Park in the western portion of the 
basin. 
"The geology of the Upper Colorado River 
basin is the dominant factor in the occur-
rence, behavior, and chemical qualities of 
the wa ter resources of the bas in" (Hyat t 
et al. 1970). Surface rocks and soils of 
marine shale origin predominantly influence 
the water quality of the basin (Mundorff 
l"172). .. 
An extensi've marine formation known as 
~~ncos Shales has been identified as a major 
natural contributor of salts to the Colorado 
River. These shales, which cover approxi-
mately 25 percent (1217 km2 or 470 mi 2 ) of 
the Price River drainage, are approximately 
1524.llleters f'iOOO feet) thick, and dip 
generally >:.uncentrica:ly away from the San 
Rafael Swell. The reti'...l,lt is aU-shaped 
formation (with the top of the U pointing 
generally north), 16.09 kilometers (10 
mi les) wide, passing through tl~e lowlands of 
the Price River bas in. The Mancos Shale is 
classified in three main members--Masuk, 
Blue Gate, and Tununk, which generally are 
E 
Water 
Salt 
FLOW PATHS 
8 - Sublimation 
OF 
WATER AT 
GROUND 
SURFACE 
C - Condensation 
DP - Deep Percolation 
E - Evaporation 
,- - - - - - - "1.... ___ -.--.--' 
E8 - Effluent base flow 
ET - Evapotranspiration 
I - Infiltration 
PERENNIAL 
STREAMS 
I , 
I 
18 
EB IB 
GROUND 
WATER 
I 
________ __ .l 
SOIL 
MOISTURE 
DP 
Figure 1,2. Idealized natural hydro-salinity flow system. 
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18 - Influent base flow 
OF - Overland flow 
R - Rain 
5 - Snow 
T - Through fall 
separated by sandstone layers. When the 
separating layers of sandstone are missing, 
the shale is termed "undivided." 
The Mancos Shales Were deposited during 
the late Cretaceous period by shallow, highly 
saline inland seas (Stokes and Heylman, no 
date). During the early Cretaceous Period, 
marine formations were restricted to northern 
Utah, while the non-marine Dakota and Cedar 
Mountain formations were forming in central 
and southern Utah. Eventually, the seas 
reached Eastern Utah during the Cenomaniah 
epoch, thus beginning the great buildup of 
the Mancos Shales. The dominant geologic 
tendencies were subsidence and shale deposi-
tion with at least one period of sand ac-
cumulation represented by the Ferron Sand-
stone. Clastics were formed as the seas were 
crowded eastward by deposition, resulting in 
a complex sequence of near sho:re sediments, 
the most important being the Star Point, 
Garley Canyon, and Emery Sandstone Forma-
tions. These clastics decrease east'rfiicd, 
grading into shale. As -che Cretaceous Period 
drew to a close, ceritral Ut~h became m6re 
emergent, with the dominant features bejng 
swamps, lakes, and non-marine formations 
(Figure 1.3). 
Green River formation 
Colton formation 
Flagstaff limestone 
North Horn formation 
Price River formation 
Castle Gate sandstone 
r 
Non-marine 
__ --. ___ Blackhawk formation 
r 
Starpoint sandstone 
Mancos 
Shale 
formation 
Masuk shale Musuk shale 
Emery sandstone 
Bluegate shale Marine 
Ferron sandstone 
Garley Canyon sandstone ---!-
Blue Gate shale 
__ -L ___ Tununk shale 
Dakota formation . Non-marine 
Cedar Mountain formatl.on ______ _ 
Fi~ure 1.3. Predominant geological formations 
of the Price River basin. 
The three major formations of the Mancos 
Shales (Masuk, Blue Gate, and Tununk) may be 
identified by their locations with respect 
to the major sandstone tongues (Figure 1.4). 
The shales are described as drab, slightly 
bluish-gray marine shale, with some thick 
lenses of calcareous sandstone, limestone, 
and concretionary beds. The shales character-
istically are of highly variable salt con-
tent, relatively impermeable, and easily 
erodible. Burge (1974) attributes the im-
permeability of the shales to the fiqeness of 
the contained clays; and the _ rapid weather-
ing of the shales to cyclic dehydration--
hydration of the entrained salts, particular-
ly mirabilite (Na2S04·10 H20) and thenardite 
(Na2S04) . 
4 
The dominant physiographic features of 
the basin are the Wasatch Plateau, Book and' 
Roan Cliffs, and the San Rafael Swell. The 
basin is bounded on the west by the Wasatch 
Plateau. The plateau rises abruptly from the 
Price River lowlands to a mean altitude of 
2740 meters (9000 feet). Its structure is 
simple and its sedimentary beds dip gently 
away from the San Rafael Swell which is 
located at the southern end of the basin. 
The swell is an asymmetrical anticline 
roughly 128.72 kilometers (80 miles) long and 
48.27 kilometers (30 miles) wide. The region 
is known for its racetrack topography \0) 
concentric plateaus and massive cliffs. 1{he 
Book and Roan Cliffs bound the north and e~st 
portions of the basin. The cliffs extend;for 
241. 35 kilometers (150 mi les) from West 
Central Colorado to Castle Gate and then 
south. Stokes and Cohenour (1956) have 
described the clif as consi~ting pre-
dominantly of"snares nd san,d,;(:one marked 
&}" creep canyons and fingerlike gravel-coated 
benche!S. The gravel cap may vary in thick-
ness from 15.24 meters (50 feet) at the base 
of the mountains to just a slight covering in 
the va lley. As the benches weathered, the 
gravel caps formed the soil presently under 
cultivation. Production levels on many of 
the farms hav.e deteriorated because. of salt 
accumulation. 
The Price River headwaters occur in the 
Green River forlIlation. The river traverses 
the non-marine formations listed in Figure 
1.3 until reaching the Mancos Shales at 
Castle Gate. From there the stream traverses 
the Mancos formations to woodside (Figure 
1.1). The river stretches 213.7 kilometers 
(132.8 mi les) in a southeasterly direction 
from Scofield Reservoir on the Wasatch 
Plateau to the Green River. Approximately 85 
percent of the flow originates as snowmelt 
on the Wasatch Plateau and from the Book and 
Roan Cliffs (Utah Division of Water Resources 
1975). 
Climate 
In the upland areas of the Price River 
basin where altitudes range from 2130 meters 
(7000 feet) to 3050 meters (10,000 feet) 
precipitation varies between 30.48 centi-
meters (12 inches) and 76.20 centimeters (30 
inches) annually, with most occurring during 
the winter months (Mundorff 1972). Precipita-
tion on the river valley averages less than 
25.4 centimeters (10 inches) annually and 
the rainfall is the most frequent during the 
late summer months. Average precipitation and 
temperature data for several stations in the 
Price River basin are given in Table 1.1. 
Jeppson et a1. (1968), using the Thorn-
thwaite Formula estimate the evapotranspira-
tion for the valley to generally exceed 60.98 
centimeters (24 inches) annually. Figure 1.5 
illustrates the estimated mean annual water 
budget for the basin. 
Summer storms are typically high inten-
sity, short duration thunderstorms, while 
! 
\Jl 
,.1 
Table 1.1. Mean monthly and annual temperatures and precipitation for stations in the Price River Drain-
age area (Utah Division of Water Resources 
Base STATION 
Period No. Name Oct. Nov. Dec. Jan. Feb. 
1214 Castle Dale1 47.6 33.2 24.0 18.2 25.0 
1952-1968 7015 Price Game Farm 51.3 36.9 27 .0 22.7 29.9 
1952-1968 7724 Scofield Dam 42.1 27.5 17.8 13.2 16.2 
1952- 1472 Clear Creek 40.7 28.4 22.8 19.4 20.7 
1952- 3896 Hiwatha 47.8 33.8 26.0 23.0 26.7 
1930-1954 7959 Soldier Summit 41.6 28.3 2Ll 17.6 20.9 
3413 Green River1 54.3 37.5 28.4 22.8 32.5 
1214 Castle Da1e1 0.86 0.54 0.60 0.69 0.61 
1957-1968 7015 Price Game Farm 0.96 0.54 0.88 0.73 0.65 
1952-1968 7724 Scofield Dam 1.u3 1.17 1.43 2.66 2.13 
1936-1962 1472 Clear Creek 2.02 1. 70 2.41 2.65 2.69 
1930-1962 3896 Hiawatha 1.33 0.78 0.96 1.00 0.59 
1930-1962 7959 Soldier Summit 1.06 1.07 1.51 1.50 1. 70 
1940-1960 9629 Woodside 0.88 0.73 0.48 0.50 0.39 
~ot in Price River basin. 
200 To convert F to C, subtract 32 and then divide the result by 1.8. 
200d 
3ro convert in. to rom., mu1ip1y by 25.4. 
BOOK 
CUFFS 
GARLEY CAN¥ON SS 
, _~ ______ ~::::::::~~~~~~~~::P~R~t~CE~C~tT~¥~a~i§~~~F~A;'R~NH~A~M~A~N~T~IC:L~IN~E~~~ d PRlCE RlvtR (Hortt~ .net Son Rafael Swell) 
BLUE GATE 
TUNUNK 
o 5 Nile. 
I I 
1975). 
Temperature (oF)2 
Mar. A2r • Mal June 
37.5 46.8 54.8 64.3 
39.0 48.4 57.7 66.8 
25.1 36.1 46.0 54.6 
26.2 35.2 44.0 .52.1 
33.5 43.6 52.5 62.2 
28.2 38.1 46.2 53.4 
43.3 54.2 63.8 72.5 
Precipitation (in.)3 
0.54 0.54 0.57 0.48 
0.66 0.61 0.70 0.67 
1.48 0.98 L09 0.88 
2.68 1.95 1.57 1.43 
0.97 0.91 1.03 0.95 
1.54 1.01 1.10 0.62 
0.39 0.64 0.52 0.48 
Figure 1.4. Mancos Shale cross-section near Price, Utah (Williams 1975). 
Jul1 Aug. Se2t. Annual 
70.4 68.2 59.4 45.8 
73.3 71.2 63 48.9 
6L1 59.6 52.7 37.7 
58.7 57.7 50.5 38.0 
69.1 66.7 59.4 45.4 
6L3 60.1 52.5 39.1 
80.7 78.0 68.4 53.0 
0.85 L16 0.91 8.39 
0.90 1.11 0.81 9.24 
0.94 1. 29 0.96 16.04 
1.53 1.56 L34 23.53 
1.18 1.84 1.00 12.87 
1.17 1.38 1.06 14.72 
0.49 0.91 0.66 7.05 
winLer precipitation comes typically from low 
intensity frontal storms. Monthly distribu-
tion of precipitation at selected stations is 
given in Table 1.1. The majority of the 
precipitation in low elevations comes during 
the May through October season. It is these 
high-intensity summer and fall storms that 
produce almost all of the surface runoff and 
erosion on the valley floor. On the average, 
about 50 percent of the basins' precipitation 
falls on the highest 30 percent of the area. 
About 65 percent of this total precipitation 
falls in the October through April period. 
These facts make it evident that only a small 
proportion of the precipitation falls where 
and when needed for agriculture. This 
s ituat ion has mdde i rr igat ion important to 
the economy of the basin, as it is in most 
agricultural areas of the western United 
States. 
Note: 
Streamflows 
Streamflows traversing the valley are 
usually variable and often intermittent. 
Flow within the Price River is regulated at 
Scofield Reservoir. During the winter months 
the gates are closed at the dam, and during 
the summer months water is released according 
to irrigation demands. Nearly all of the 
released water is diverted for irrigation 
above the City of Price. During the winter 
months frontal storms from the Gulf of Alaska 
produce snowpacks in the surrounding uplands. 
Most of the outflow from the Price River 
basin originates as snowmelt. Thunderstorms 
during the late summer months develop as 
warm moist air currents from the Gulf of 
Mexico move into the valley. The resultant 
storms are usually of short duration, and 
localized. In response, surge flows often 
Units are in acre-feet per year (1240 m3 /ac-ft). 
Figure 1.5. Price River valley estima ted annual water budget (taken from Utah Division of 
Water Resources 1975). 
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develop in the valley channels, eroding and 
transporting large masses of sediment. 
Average annual yield for the Price River 
basin ranges from less than 2.5 cm (1 inch) 
in the valley to over 30.5 cm (12 inches) in 
the mountains (Figure 1.6). Although about 
50 percent of the total basin is below 1950 m 
(6400 feet), only 10 percent of the total 
water yield originates from these elevations 
which are typical of the central basin. 
Annual runoff from the central basin is 
estimated to be 27.4 mm (1.08 inches), 
wh ich is about 9 percent of the average 
annual precipitation of 29.7 cm (11.7 inches) 
(Utah Division of Water Resources 1975). 
This same reference also cites average yearly 
outflow from the Price River at Woodside as 
being about 92 x 106 m3 (75,000 acre-feet). 
Streamflow in the principal streams of 
the basin is highly 'regulated. Scofield 
Reservoir (capacity 55.5 x 106 m3 or 45,000 
acre-feet), located near the headwaters of 
the Price River, stores runoff for release 
during the irrigation season. Most summer 
flows are diverted for use within the 
basin. In addition, approximately 34.5 x 
106 m3 (28,000 acre-feet) per year are 
imported from Huntington Creek in the San 
Rafael basin. Table 1.2 shows the mean 
monthly flows of the Price River at selected 
gaging stations. All, tributaries in the 
central basin are ungaged except Desert Seep 
Wash. These tributaries contribute approxi-
mately 48.1 x 10 6 m3 (39,000 acre-feet) 
per year to the valley. 
Water guality 
Throughout the Price River valley, the 
streams within the canyons of the surrounding 
uplands generally contain relatively high 
quality water of less than 1000 mgt!. 
Salinity concentrations increase as the 
streams traverse the lowlands. The average 
salinity of the waters leaving the basin at 
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Figure 1.6. Mean annual water yield in inches (Utah Division of Water Resources 1975). 
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Table 1.2. Mean monthly and annual runoff for stations in acre feet in the Price River Drainage area (Utah 
Division of Water Resources 1975). 
Station Period of 
1/ Name Record Oct. Nov. Dec. Jan. Feb. Mar. AEr. Ma~ June Ju1~ Aug. SeEt. 
3095 Fairview Di tch near Fairview, Utah 1 1950-1966 9.2 325.4 536 363.1 100 
9-3117 Price River near Soldier Summit, Utah 1962-1963 629.3 680.5 767 351.5 336 392 875 4,395 7,905 11,275 6,530 3,515 
9-3127 Beaver Creek near Soldier Summit, Utah 1961-1966 29 29 21:8 25.1 31. 2 84.9 395 1,056.3 569.6 164.4 56.7 38.8 
9-3128 Willow Creek near Castle Gate, Utah 1963-1966 99.4 71.1 35.7 40.9 73.5 434.8 1,059 23,665 863.3 466.3 237.2 161.5 
3140 Price River near Wellington, Utah 1950-1958 1,957 1,673 1,451 1,381 1,675 2,623 8,743 17,149 8,378 3,180 4,268 2,157 
3145 Price River at \,oodside, Utah 1946-1966 4,491 3,593 2,505 1,909 3,036 7,617 10,568 15,301 7,355 5,007 7,753 6,297 
3125 I./hite. River near Soldier Summit, Utah 1938-1966 228 208 181 165 167 344 3,283 6,217 1,688 560 292 215 
3105 Price River Above Scofield Reservoir 1939-1966 640 616 525 461 432 6J6 3,630 15,472 6,622 1,683 882 591 
3130 Price River near Heiner, Utah 1934-1966 2,635 1,069 742 591 714 2,2,89 9,725 20,863 13,410 11,167 7,436 5,042 
3115 Price River near Scofield, Utah 1918-1966 1,696 411 292 154 210 211 1,435 8,852 9,580 9,145 6,060 4,156 
3100 Gooseberry Creek near Scofield, Utah 1940-1966 281 256 208 177 168 230 1,172 6,078 3,109 852 498 304 
J 
*3110 Scofield Reservoir near Scofield, Utah 1942-1966 14,418 14,527 15,179 16,310 17,413 18,862 21,924 33,225 36,986 30,860 23,655 18,827 
*End of Honth Reservoir Storage 
IDees not drain into Price River 
Annual 
1,334 
37,651.5 
2,502 
.5,909.2 
:'6,635 
75,439 
13,598 
32,190 
75,743 
4?,202 
]),333 
Woodside is about 2500 mg/l (Riley et al. 
t980). Mundorff (1972) observes that, except 
for periods of high snowmelt runoff, all of 
the Price River lowland tributaries contri-
bute low quality water. He notes that these 
streams show no significant seasonal vari-
ation in dissolved solids concentration. 
Within many of the valley stream chan-
nels, extensive accumulations of white salt, 
termed efflorescence, exist during periods of 
low or no flow. During periods of runoff the 
efflorescence is dissolved and flushed into 
the stream. In addition, Mundorff (1972) 
regards diffuse agricultural related return 
flows as being a probable major source of 
salt input to the Price River. 
Williams {1975) in a general geologic 
summary of the Colorado River basin hy~othe­
sizes that a major salt loading source IS the 
surface runoff from rains and snow over the 
Mancos Shale badlands. The possibility of 
the flow of saline water from one of the 
sandstone clastics is discussed, and irriga-
tion return flows and coal processing also 
are identified as possible major contri-
butors. 
Ponce (1975), from his overland flow 
studies, found that the salt load from 
surface runoff is a function of both dilution 
and erosion. The study results indicate that 
surface salt loading is not a unique function 
of rainfall intensity but is highly variable. 
Utilizing general rainfall data, estimated 
surface areas, and his surface runoff study 
results, Ponce (1975) estimates that only 0.5 
percent of the total salt loading at Woodside 
can be attributed to overland flow in natural 
areas. 
Suspended sediments also are a concern. 
In the upper Price River drainage suspended 
solids are not a problem, but in the valley, 
concentrations as high as 64,800 mg/l have 
been recorded. On one particular day, 
samples were taken along the Price River and 
total suspended solids ranged from 180 mg/l 
above Scofield to 226 mg/l at Heiner and 
2,119 mg/l at Woodside (Mundorff 1972). A 
relationship between suspended sediment and 
salinity has been observed (White 1977). 
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Groundwater 
Information is sparse on oundwater 
conditions within the Price River in. The 
use of groundwater within the central basin 
is limited by the quantity and quality of 
water available. Total dissolved solids have 
ranged from 3,600 to 73,000 mg/l in explora-
tory wells. Only the best of this water is 
useful even for stock watering. Above the 
central basin, primarily in the Colton area, 
groundwater is of high quality. Cordova 
(1964) estimates that approximately 3.7 x 
106 m3 (3,000 acre-feet) per year of ground-
water presently are being withdrawn by 
pumping and by outflow from springs and 
seeps. He also estimates that an additional 
4.9 x 106 m3 (4,000 acre-feet) per year 
of groundwater resources could be developed 
in the area. 
Vegetation 
The principal vegetative types on the 
natural or uncultivated lands of the basin 
are Douglas fir in the headwater areas, 
pinyon-juniper on gravel caps of the lower 
slopes, and shadscale-sagebrush in the valley 
bottoms (Mundorff 1972). It is on the 
shadscale-sagebrush lands that the vast 
majority of the overland flow and micro-
channel salt pickup occurs. 
Soils 
Rocky land occupies about 70 percent of 
the areas of the mountains surrounding the 
Price River basin. The remaining 30 percent 
is occupied by shallow to very shallow, 
stoney soils. Because of their high .eleva-
tion, these areas receive large amounts of 
precipitation and, therefore, are important 
watersheds. The soils of the transition zone 
between the mountains and the valley floor 
(the area of interest in this study) are 
alkaline with moderate to slow permeability. 
Runoff is rapid and sediment production is 
high. The hydrologic soil groups are mainly 
Band D. The parent materials for these 
soils are the underlying sandstone and Mancos 
Shales. The soils are used mainly for range 
and wildlife habitat. Additional information 
on the soils and native vegetation within the 
study watersheds is given in Chapter III. 
CHAPTER II 
REVIEW OF LITERATURE AND PAST WORK 
Salt Related Process Studies 
in the Price River Basin 
Several invest igators have conducted 
studies to examine various aspects of the 
hydrology and salinity flow systems of the 
Price River drainage. The Price Rfver is a 
significant salt contributor to the Colorado 
River system. According to Jeppson et al. 
(1968) the Price River contribution to the 
Colorado River flow measured at Lee Ferry 
is only 0.66 percent, while the salt contri-
bution is 2.79 percent of the total. These 
Price River totals include yearly averages 
(1931-1960) of 217 x 106 kg (239,000 tons) 
of salt and 88.6 x 106 m3 (71,800 acre-feet) 
of water. No other major tributary of the 
Upper Colorado River has such a high salt to 
water ratio as the Price River (about 2450 
mg/l). 
The sources of salt in the Price River 
basin are widely diffused. In 1972 the 
United States Geological Survey published a 
report that contains information about the 
general chemical characteristics of surface 
water throughout the basin (Mundorff 1972). 
All major tributaries in the central basin 
(below Castle Gate--see Figure 1.1) are of 
poor quality except during snowmelt. Accord-
ing to Mundorff (1972), there are very few 
identifiable point salt sources in the 
basin. 
Surface water in the headwaters is of 
relatively high quality, but as these waters 
pass over the shale lands their quality 
deteriorates rapidly. Total dissolved solids 
values range from less than 400 mg/l at the 
upper end of the central valley, to an aver-
age of nearly 2,500 mg/l at the confluence 
with the Green River. lorns et al. (1965) 
indicate that the surface waters alternately 
move from the stream into the alluvium and 
back again. Hence, an almost continual 
interchange between water and alluvium takes 
place which contributes to the rapid deterio-
ration of the water. In addition to these 
perennial channel processes, natural pro-
cesses are taking place in ephemeral channels 
and with overland flow, interflow, and 
groundwater. Hyatt et al. (1970) estimate 
the contribution of all natural diffuse 
sources within the central basin to be 
approximately 68 percent of the total salt in 
the river. This estimate is disputed 
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by some who believe the natural salt contri-
bution to be much lower. 
Man's use of water in the basin which 
most affects water quality is irrigation. As 
noted earlier, however, irrigation's effect 
on salinity is not clearly determined. 
During the irrigation season, the Price River 
is almost entirely diverted for irrigation on 
the basins I 20,000 plus acres of irrigated 
land (see Figure 2.1). Estimates of the salt 
contribution from irrigation range from about 
6 percent, or 15,000 tons per year, by Hyatt 
et al. (1970) to about 33 percent, or 80,000 
tons per year by Gifford et al. (1975). The 
principal canals serving the area are the 
Price-Wellington, Carbon, and the McFadden 
branch of the Cleveland Canal. Water in the 
latter is imported from Huntington Creek in 
the San Rafael River basin. 
Several other investigations of the 
Upper Colorado River basin have been con-
ducted which provide information concerning 
the Price River basin. Some of these include 
Utah State University (1975), Williams 
(1975), and Feltis (1966). Ponce (1975) 
conducted an extensive investigation of the 
salt pickup of overland flows crossing Mancos 
Shale wildlands. Utilizing a Rocky Mountain 
Infiltrometer, overland runoff was generated 
at many different geologic locations in an 
attempt to qualify and quantify salt move-
ment,- erosion, and loading rates. Extreme 
heterogeneity, however, was encountered and 
the results are somewhat inconclusive. It 
was found that salt pickup can be described 
as a function of dilution, erosion, dis-
solution, and an interaction of the three. 
Six empirical salt uptake equations are fit 
to the observed data. The best correlation 
coefficient achieved is 0.64 for the follow-
ing function: 
in which 
Predicted salinity of 
runoff 
Precipitation rate 
Surface runoff rate 
and B2 = Constants 
(2.1) 
the surface 
t EXPLANATION o Irri9_ 1.D"<l (19<&51 
N 
Figure 2.1. Irrigated and potentially arable land (Utah Division of Water Resources 1975). 
Ponce estimates that the overland flow 
processes account for about 0.5 percent of 
all salt added in the Price River basin. 
Whitmore (1976) in a master's thesis studied 
Mancos Shale from nine different sites within 
the Price River valley. From laboratory 
analyses he proposes that salt dissolution is 
diffusion controlled, and that two distinct 
dissolution rates occur. One is a fast 
reaction in which 80 to 90 percent of the 
available salt is released within the first 
two minutes. The second reaction occurs 
as the remaining salt slowly goes into 
solution. The fast reaction rates are 
attributed to the existence of indigenous 
salt at the surface of the soil particles, 
and the slow rates are thought to reflect 
mineral weathering. 
Jurinak et a1. (1977) propose two 
kinetic dissolution equations: 
In (1 - elk) = -kt (2.2) 
(2.3) e = k' 
in which 
k', k 
t 
C 
t . 
Constants 
Time 
Salt concentration (salinity) in 
the water 
A master's thesis by White (1977) exam-
Ines salt production from micro-channels in 
the Price River valley. The author documents 
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the extreme surface mineral heterogeneity of 
the channels and describes the salinity 
uptake as a rapid dissolution of surface 
salts, followed by slow mineral weathering. 
A correlation between dissolved salts and 
sediment was observed, and on this basis' a . 
linear predictive equation for salt load was 
developed. Good results were obtained; how-
ever, sediment load is a difficult indepen-
dent variable to measure. He concludes that 
"micro-channels contribute 3.4 percent 
of the total salt load of the Price River at 
Woodside." 
Salinity Models Applicable 
to the Price River Basin 
Several deterministic or parametric 
watershed salinity models have been developed 
at Utah State University. The models, with a 
few exceptions, treat salt as a conservative 
substance and have been developed in conjunc-
tion with existing hydrologic models. Riley 
et a1. (1977) propose a conceptual model of 
the major salt pickup and transport mecha-
nisms in the Price River basin, Utah (Figure 
2.2). A coupled hydrologic, open channel, 
and salinity model, and the associated 
interfaCing processes, are described in 
general terms. 
Hyatt et a1. (1970) modeled the 
hydrologic-salinity flow system within the 
Upper Colorado River basin. The authors 
modeled the average monthly salinity mass 
flow for each major subbasin. A distributed 
parameter hydrologic watershed model is 
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Figure 2.2. A general hydrologic flow chart applied to the Price River Basin (after Riley et al. 1979). 
l-oupled with a salt uptake model. Flow 
separation is utilized in the hydrologic 
model and salt loads are associated with 
surface flow, groundwater flow, and inter-
flow. Groundwater and interflow concentra-
tions are assumed constant. The surface 
inflow concentrations for ungaged sources are 
related to water flow rates utilizing expo-
nential regression equations. To take into 
account storm related flash flows from small 
watersheds, the average monthly salt concen-
trations are increased. I t was assumed 
initially that salt load increases within 
the valley bottoms could be attributed 
entirely to agriculture. On the basis of 
this assumption, the initial simulated 
salinity concentrations aSSOCiated with 
subbasin outflows were low by factors 
ranging from two to ten. To compensate for 
this condition, an unknown channel salt 
uptake mechanism was assumed to exist. This 
assumption led to the following hypothesis: 
•.• That within each subbasin 
substantial interchanges are 
occurring between surface and 
subsurface waters. This phenomenon 
implies that the stream system is 
both influent and effluent at 
different locations within the 
subbasin. An influent stream is 
one which contributes to the 
groundwater system whereas an 
effluent stream intersects the 
water table and receives flow from 
the groundwater system. Most 
perennial streams are effluent 
through a portion of their length, 
and the existence of both condi-
tions in a single reach is common 
(Linsley et a1. 1958). Within the 
subbasins of the Upper Colorado 
River influent conditions fre-
quently exist in the upper reaches 
of the main stream channel with 
effluent flow occurring farther 
downstream toward the outlet 
of a subbasin. It is, therefore, 
conjectured that much of the water 
which enters the alluvium as 
influent flow in the upstream 
portion of the subbasin returns 
again to the stream channel in the 
lower reaches, and that within a 
particular subbasin the rate of 
interchange between surface water 
and groundwater may be influenced 
by water levels in the stream 
channels. Hence, during periods of 
high streamflow some increase in 
the interchange rate might be 
expected (Hyatt et a1. 1970, p. 
34). 
The following two empirical equations 
were derived to account for the salt deficit: 
k = n (Q )m 
p r (2.4) 
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in 
and 
which 
kp 
Qr 
m 
N 
Percent of surface flow to be 
interchanged or recirculated 
through the stream alluvium 
Monthly surface flow rate in cfs 
Coeff icient (s lope of the line 
plotted on log-log paper) 
Coefficient (intercept on the y-
axis (percentage axis) of a 
log-log plot 
SNS = k Q C 
r p r g (2.5) 
in which 
SNS 
r 
kp 
Qr 
Cg 
Rate of salt flow contributed from 
natural sources within the basin 
Percentage of surface flow allowed 
to interchange or recirculate 
through the stream alluvium or 
groundwater basin 
Monthly rate of surface water in-
flow, outflow, or average of 
inflow and outflow to a subbasin 
Average water salinity level with-
in the groundwater basin or stream 
alluvium of a hydrologic system. 
This quantity is assumed to be 
constant throughout the simulation 
period, and is estimated from 
either well samples or the aver-
age salinity level of the base 
flows of the streams within the 
subbasin. 
. It should be noted that the interchange 
equations are empirical in nature and thus 
might represent the salt loading from a 
complex source other than interChange. Some 
of the results of this study for the Price 
River basin are tabulated in Table 2.1. This 
. model suggests that irrigation alone cannot 
be the sole salt contributor to the waters of 
the Price River. One major point made in the 
report is that " ••• more research is needed to 
delineate between natural and man induced 
salt loading before stringent and perhaps 
unnecessary controls are placed on human 
activities" (Hyatt et a1. 1970, p. 97). 
Thomas et a1. (1971) propose a hy-
drologic-salinity model which includes many 
of the same concepts as that of Hyatt et al. 
(1970). The model is designed to be applied 
to both irrigated and nonirrigated areas and 
utilizes thermodynamic ionic relationships 
for estimating the salt uptake concentra-
tions. The model was applied to the Bear 
River, Utah, and simulated Ca, Mg, Na, S04, 
and HC03. However, the model is unWieldy due 
to its extensive data requirements. 
Huber et a1. (1976) propose a model 
(BSAMl) which is similar to that of Hyatt 
et a1., in that in includes both the hy-
drologic and salinity (total dissolved 
solids) components. The basic concept of 
the model is that of conservation of mass for 
a monthly time interval. Various mathematical 
relationships are used to quantify the 
hydrologic component of the continuity 
equation. Salt transport is associated with 
each of the relevant hydrologic flow paths 
represented by the model. 
Riley and Jurinak (1979) propose a model 
in which the total salt load added within a 
basin is apportioned between the natural and 
irrigated lands on the basis of the average 
quantity of water that is estimated to flow 
through the soils of each area. From this 
apportionment a "derived" leaching factor for 
irrigated lands is obtained as an amount of 
salt removed in tons per acre per foot depth 
of leaching wa·ter. The model was applied to 
a total of 31 drainages in the Upper Colorado 
River basin, including the Price River 
drainage. 
In a recent publication Riley et al. 
(1980) report on a study of salt uptake in 
natural channels traversing Mancos Shales in 
the Price River basin. A typical natural 
channel, Coal Creek, traversing the Mancos 
Shale public lands was instrumented and 
observed during 1976. Longitudinal salt 
uptake in the channel was low. On the basis 
of these results, a hydro-salinity surface 
runoff model was developed for the purpose of 
estimating the total salt contribution 
from overland flow from natural channels. By 
extrapolating the model results to the entire 
Price River basin, it was estimated that the 
salt contribution from Mancos Shale lands 
within the public domain lies between 4 and 7 
percent of the total salt outflow from the 
basin. 
A summary of the salt loading contri-
butions to the Price River at Woodside as 
estimated by some of the studies cited in 
this chapter is given by Table 2.2. 
Table 2.1. Water budget for the valley floor area of the Price River basin (adapted from Hyatt 
et a1. 1970). 
Water (AF/yr)a Salt (Tons)b 
Inflows Outflows Inflows Outflows 
Measured Surface 70,000 68,000 20,000 220,000 
Unmeasured Surface 28,000 45,000 
Precipitation 15,000 
Natural Loading 168,000 
Agricultural Loading 15,000 
Subsurface 4,000 28,000 
Phreatophyte Consumptive Use 5,000 
Evapotranspiration of Soil 36,000 
TOTAL 113,000 113,000 248,000 248,000 
aTo convert AF/yr to m3/yr multiply by 1233. 
bTo convert tons of dilograms, multiply by 907. 
Table 2.2. Comparison of the estimated percentages of total annual salt loading at Woodside 
with respect to sources. 
Source 
(Non-irrigated Lands on the 
Va11ev Floor) 
Overland flow (eroded material only) 
Overland flow (total contributions) 
1st order channels 
2nd order channels 
3rd order channels 
!itn Qrdgr !,;h"nnels 
IQtals 
Percent salt load at Woodside (Based on 241.000 T/yr) 
Ponce (1975) White (1977) Dixon (1978) Riley et al. Nezafati 
(1980) (1981) 
0.65 
0.84 0.60 9.58 3.53 
4.07 1.24 1.84 0.20 
0.60 0.60 
0.38 0.38 
(l.15 0.15 
0.84 . ..3.,JiL_ .. _U .~ 5 .. ___ . 6.50 0.85 
Other studies (Percentages are based on 241,000 T/year at Woodside). 
1. Hyatt et al. (1970)---------Mountains------------------------------------------------------------ 26.0% 
Natural diffuse sources in the valley-------------------------------- 68.0% 
Agricu1ture---------------~------------------------------------------ 6.0% 
2. Gifford et al. (1975)-------Agriculture---------------------------------------------------------- 33.0% 
All other sources, including mountains------------------------_------ 67.0% 
3. Riley and Jurinak (1979)----Agriculture---------------------------------------------------------- 18.0% 
All other sources, including mountains------------------------------- 82.0r. 
4. Rao, Basaker (198l)---------Salt from efflorescence on non-irrigated lands on the valley flow---- 12.57% 
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CHAPTER III 
STUDY AREAS AND INSTRUMENTATION 
Instrumentation was installed to measure 
both the quantity and the quality of the 
surface runoff from seven small watersheds 
within the Price River basin (Figure 3.1). 
The study watersheds were selected by BLM 
personnel to'provide ranges of conditions 
which were considered to influence salt yield 
such as vegetative cqver, soil type, topo-
graphy, and soil surface characteristics. 
Some grazing by cattle occurred on each of 
the watersheds during the course of the 
study, but in no case was the extent of the 
grazing quantified. The Coal Creek subwater-
shed contains a dirt road and pipeline, while 
the Sunnyside subbasins contain several dirt 
roads. Paved roads exist within the bound-
aries of the Wattis and Main Wash subwater-
sheds while there are no roads within the 
Soldier Creek subwatershed. Grassy Trai 1 is 
much larger than the other subwatersheds and 
contains railroads as well as highways, paved 
roads, and dirt roads. In no case do any 
roads lie immediately adjacent to the stream 
channel, although in several instances, such 
a sin the M a in Was h s u bw ate r she d , a r oa d 
crosses the stream channel. In no case does 
the ratio of area of road to area of sub-
watershed exceed approximately 1 percent. 
In addition to the instrumentation on 
the seven small watersheds, a former USGS 
stream gaging station on the Price River at 
heiner was reactivated. Measurements were 
made at this point to give some indication of 
the water and salt inflows from the mountains 
surrounding the central portion of the Price 
:Kiver basin. Except for the Price River at 
heiner, all gaged channels involved in this 
study were intermittent in nature and carried 
water only during the snowmelt period and 
during summer storm events on the watersheds. 
The configuraton of each watershed, its area, 
and the extent of exposed Mancos Shales 
within the drainage are shown by Figures 3.2 
through 3.7 inclusive. A classification of 
the dominant soils within the study water-
sheds is given in Table 3.1. This informa-
tion is taken from Wilson et a1. (1975). 
Additional information on the topography, 
soils runoff producing events during the 
study period, and dominant vegetation for 
each watershed is given by Tabl~ 3.2. 
The instrumentation sites, their loca-
tion, elevation, and the period of operation 
under this project are given by Table 3.3. 
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Each stream gaging si te was equipped with a 
control section, an automatic water level 
recorder, and (except for Heiner) an auto-
rna t icwa ter quality sampler. This samp ler t 
des igna ted the I SCO 1680 Water Sampler, 
is manufactured by the Instrumentation 
Specialties Company. A typical stream 
sampling installation (in this case, the 
Wattis site) is illustrated by Figure 3.8. 
Figure 3.9 shows a picture taken at this 
same site. All recording equipment on 
ephemeral channels was designed to be acti-
vated by the occurrence of water flow through 
the control section. However, the Heiner 
water level recording gage operated con-
tinuously, and grab samples were taken at 
regular intervals at this location for water 
quality determinations. 
The ISCO 1680 sampler is a portable 
sampler which takes a 28 separate sequential 
samples, of a predetermined volume. This 
sampler is capable of collect ing samples on 
either a time proportional basis or a flow 
proportional basis. To reduce the number of 
samples analyzed, conductance measurem~nts of 
each field sample were made, and then samples 
were composited in the field to not less than 
three samples. 
The compositing plan which was used is 
as follows: 
1. A minimum of three samples per event 
was analyzed. 
2. The maximum of samples analyzed was 
determined by the 10 percent rule for varia-
tions in conductance. 
3. The rising, crest, and falling limbs 
of the hydrograph were defined by at least 
one sample. 
4. Prior to composition, the conduc-
tance for each sample was measured and 
recorded. 
Delineation of the three limbs of the 
hydrograph required a modification to the 
timing mechanism of the ISCO 1680 sampler. A 
regressive sampling sequence which would 
cover both short and long flows was adopted 
(Table 3.4). During the study. actual flow 
durations varied from less than 10 minutes to 
more than 1,000 minutes. 
Wattis Control 
PRICE RIVER DRAINAGE 
--- Perennial Streams 
_ ... - Ephemeral Streams 
Scale I: 50,000 
I Creek Control 
Sunnyside Controls 
(2) 
Grassy Trai I 
Control 
Figure 3.1. Map showing the relative locations of the seven study watersheds within the Price 
River basin, Utah. 
Two types of water level recorders were 
used in this study, namely (1) the Stevens F 
Recorder with a "watch-dog" start ing mecha-
nism set at a preselected water level, and 
(2) a pressure transducer with a Rustrak 
recorder. Table 3.5 gives specific informa-
tion on the type of control structure and 
water level recorder at each measurement 
location. Flow rating curves for each 
station are contained in Appendix A of this 
18 
report. The appropriate maximum rate flow 
capacities are listed in Table 3.5. The 
capaci ty of the Wa tt is Creek sect ion was 
exceeded on at least two occasions. For 
the purposes of this study, the stability of 
the section was increased by installing 
fiberglass extensions to the wings of the 
cutthroat flume. The rat ing curve for the 
section was then extended on the basis of 
calculations using the Manning equation (see 
t-' 
'" 
Note: Scale: 1:24,000 
RRG - Recording rain gage 
NRRG - Non-recording rain gage 
-
- 4." ;';'1' '': ... '. '. - .: 
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Figure 3.2. Watershed study area in the Coal Creek 
basin (north of Wellington. Utah). 
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Figure 3.3. Watershed study area in the Soldier Creek 
basin (northeast of Wellington, Utah), 
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Figure 3.4. Watershed study area west of Sunnyside, 
Utah. 
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Figure 3.5. Watershed study area south and east of 
Wattis, Utah. 
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Figure 3.6. Watershed study area in the Main Wash sub-
basin. 
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Notes: Scale: 1: 250, 000 
RRG - recording rain gage 
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approx. 17 percent of the watershed area 
Figure 3.7. Watershed study area in the Grassy 
Trail basin (east of Wellington, 
Utah) . 
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Table 3.1 General classification and properties of the dominant soils within the study watersheds (from Wilson et al 
1975) 
Hydrologic 
Soil Association Classification Soil 
Series Numbers Subgroup Family Group 
Ravola 52 Typic Torrifluvents 
Chipeta 63 Typic Torriorthents 
Not a soil 68 
Not a soil 69 
fine-silty.mixed, 
(calcareous), 
mesci 
clayey, mixed, (cal-
careous), mestic, 
shallow 
rockland 
badland-rockland 
B 
D 
Drainage 
well 
well 
Permea-
bility 
moderate 
slow 
Dominant 
Slope 
% 
0-6 
1-30 
Dominant Native Species 
in Climax Vegetation 
Indian rice grass, black 
sagebrush, winterfat, 
shadscale, galleta, 
western wheatgrass, 
bottle brush, squirrel 
tail. 
mat sagebrush, shadscale, 
nuttall saltbrush, 
galleta, Indian rice-
grass, needle and thread, 
bottle brush, squirrel-
tail, black sagebrush, 
winterfat, greasewood, 
inkwood, picklewood, 
gray molly. 
steep to most barren 
very steep 
steep to mostly barren 
very steep 
N 
!.oJ 
Table 3.2. Some characteristics of the study watersheds. 
Name 
Wattis 
Soldier 
Coal 
Sunnyside 
Upper 
Sunnyside 
Lower 
Acres 
3,309 
800 
413 
315 
250 
Grassy =185,000 
Trail 
Main Wash 2,765 
Watershed Information Saline Soill 
Elevation (ft.) Ave. % Area 
Outlet HigheR Point Slope (Acres) 
6,075 9,072 10.0 316 
5,690 6,120 3.0 268 
5,760 6,300 6.0 o 
6,560 8,050 19.0 o 
6,240 6,680 5.0 o 
4,980 10,000 31,000 
5,300 7,620 7.0 69 
Proportion 
of Watershed 
Area 
.10 
.34 
.00 
.00 
.00 
.17 
.025 
Surface 
Treatment 
None 
None 
Contour 
Furrows 
Unchained 
Chained 
None 
None 
Main Soil Association 
(See Table :3.1) 
Approximate 
Association Percentage of 
Number Total Area 
63 
69 
63 
63 
63 
63 
52 
63 
68 
52 
63 
75 
25 
100 
100 
100 
100 
20 
30 
50 
30 
70 
.J 
No. of 
Runoff 
Producing 
Dominant Events 
Vegetation During StudyZ 
Pinyon-juniper, 
rabbit bush, 
sage 
Shadscale, 
greasewood, 
sage, salt 
brush 
Crested wheat 
grass 
Pinyon-juniper 
Crested wheat 
grass, pinyon-
juniper 
4 
4 
5 
1 
o 
Native grasses, 4 
cottonwood, sage, 
salt bush 
Pinyon-juniper 2 
ITaken from Soil Survey of Portions of Carbon Area and Emery County Area, Carbon and Emery Counties, U.S.A. U. S.Dept. of Agriculture, Soil 
Conservation Service. Volume 1-7, and from SCS soil maps. . 
2Number of recorded runoff production events during the two and one-half year period of the study. 
• 
.J 
Table 3.3. Instrumentation sites. 
Date Date 
Channel Latitude Longitude First Last 
Name Name Section TOWl1Shil! Ran8e N. W. Elevalion Installed C1osedololn 
<:ONTROLS 
"attis Service Berry Center of W 1/2 Tl5S R9E 39° 30' 22" 110°55'27" 6075' 7/14/78 10/16/80 
Creek Trib. Sec. 21 
Coal Coal Cr. Trib. NW 1/4 of NE 1/4 Tl4S RllE 39°37'47" 110041! 15" 5760' 7/10/78 10/10/80 
Sec. 9 
Soldier Soldier Cr. SW 1/4 of S\~ 1/4 T14S RllE 39° 36' 34" 110°38'34" 5690' 8/2/78 10/14/80 
Culvert Trib. of SW 1/4 Sec. 13 
Up. Sunnyside Grassy Trail Center of SE 1/4 T14S RDE 39°34' 28" 110°22' 33" 6560' 8/1/78 10/2/80 
Creek Trib. Sec. 26 
L. Sunnyside Grassy Trail SI" 1/4 of SW 1/4 Tl4S R13E 39° 33' 23" 110°26'05" 6240' 7/22/78 10/2/80 
Creek Trib. Sec. 35 
Nain Hain Wash Center of SW 1/4 T16S R13E 39°24'45" 110°26' 55" 5300' 7/23/78 10/9/80 
Sec. 22 
Grassy Trail Grassy Trail East Center of T17S RDE 39°22' 22" 110°28' 26" 4980' 7/24/78 10/13/80 
Creek Sec. 5 
Heiner Price River N 1/4 of NW 1/4 TDS R9E 39°43'03" 110°51' 59" 5995' 6/24/78 10/30/80 
Sec. 12 
RECORDI~G Coal Upper Coal Trib. SW 1/4 of SW 1/4 TV,S RIlE 39°38' 03" 1l0041'SS" 5860' 5/12/78 10/29/80 
RAIN Sec. 4 
GAGES Soldier Up. Soldier. Trib. SW 1/4 of NW 1/4 T14S RllE 39°36' 38" 110°25' 44" S760' 5/12/78 10/29/80 
N Sec. 13 
.p- Sunnyside Grassy Trail NE 1/4 of NW 1/4 T14S Rl3E 39°34'11" 110°25'44" 6440' 5/12/78 10/29/80 
Middle Cr. Trib. Sec. 35 
NON- \,attis Up. Service Berry Center Sec. 13 Ti5S R8E 39°31'14" 110°58' 21" 6640' 5/12/78 10/28/80 
RECORDING Creek Trib. 
~EDGE Wattis Cont. Service Berry ------SEE WATTIS CONTROL ---------------------------------------------- 8/26/78 10/28/80 
RAIN GAGE Creek Trib. 
Coal Cont rol Coal Cr. Trib. ------SEE COAL CONTROL-------------------------------------------------- 8/26/78 10/29/80 
Soldier Con. Soldier Cr. S" 1/4 of S\~ 1/4 T14S RllE 39°36'09" '110° 38' 35" 5795' 8/28/78 10/29/80 
Trib. of SW 1/4 Sec. 13 
Sunnyside Up. Grassy Trail West Edge and T14S R13E 39°34'45" 110°25'05" 6720' 5/12/78 10/29/80 
Cr. Trib. Center Sec. 25 
Sunnyside Lo. Grassy Trail ------SEE LOWER SUNNYSIDE CONTROL ------------------------------------- 8/27/78 10/29/80 
Cr. Trib. 
Hain Upper Main Wash Ceot. of NE 1/4 T16S Rl4E 39°26' OS" 110° 23' 42" 5850' 5/13/78 10/30/80 
Sec. 18 
Main Coot. Naio Wash ------SEE MAIN CONTROL-------------------------------------------------- 8/29/78 10/30/80 
Grassy Tr. Grassy Trail Center of Sec. 7 T15S RDE 39°32'08" 1l0030'21'' 5780' 8/28/78 10/29/80 
I'pper Cr. 
Gras"y Tr. Grassy Trail Cent. -N\~ 1/4 of NE Tl5S Ri2E-~l' 30''- 110 34'22" 5495' 5/13/78 10/29/80 
Hwy. 6-50 Cr. 1/4 Sec. 16 
Icelander Icelander Cr. SW 1/4 of SE 1/4 T15S R13E 39 27'12" 110 28'35" 5240' 5/13/78 10/30/80 
Hwy. 6-50 Sec. 5 
Grassy Tr. Grassy Trail ------SEE GRASSY TRAIL CREEK CONTROL----------------------------------- 5/13/78 10/30/15(; 
Control Cr. 
N 
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Figure 3.8. 
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View of a typical control section installed at a stream sampling site (in this case Wattis). 
Figure 3.9. View of the stream sampling site 
at Wattis. 
Table 3.4. Sampling sequence. 
Time of Interval Time of Interval Bottle Sample Between Bottle Sample Between Number Samples Number Samples (minutes) (minutes) (minutes) (minutes) 
1 1 14 180 32 
2 2 15 212 
3 3 16 244 
4 4 17 284 40 
5 12 8 18 324 
6 20 19 364 
7 28 20 412 48 
8 44 16 21 460 
9 60 22 508 
10 76 23 564 56 
11 100 24 24 620 
12 124 25 676 
13 148 26 732 
27 788 
28 844 
Figure A-I). However, it is recommended that 
for subsequent studies a larger flume having 
a capacity of from 750 to 800 cfs be in-
stalled at this site. As previously indi-
cated, the Heiner site Seven "F" recorder was 
run continuously, and thus was not equipped 
with a "watch-dog" starting mechanism. All 
"F" type recorders were geared to operate 
at a 12-hour time scale, and the Rustrak 
recorders operated at either 1 inch or 2 
inches per hour, depending upon the setting. 
At all intermittent channel locations 
with the exception of Grassy Trail, the stage 
26 
controls used were similar to those of the 
Wattis site illustrated by Figure 3.8. Steel 
reinforcing bars defined the natural channel 
at the Grassy Trail control. Surveys were 
performed at three locations near the control 
to determine the cross-sections. These were 
used to calculate flows. A flume was not 
placed at the Grassy Trail control because of 
the large width and because of rocky cliffs 
at the narrow sections of the channel. The 
ISCO sampler was housed in a 55 gallon drum, 
and the Stevens "F" recorder was mounted atop 
a 6-inch stilling well. Due to freqtient 
silting problems, two intakes were provided 
to the stilling well--one at the control 
section and another upstream. Usually one 
of these intakes remained unplugged by silt 
during a runoff event. 
In order to provide a check on the water 
quality data collected by the sampler, grab 
samples also were collected at several sites 
(see Table B-4). The frequency at which grab 
samples were collected varied, but depended 
upon whether (1) flow existed at the site, 
but (2) significant changes in flow rate 
(either increasing or decreasing) were 
occurring at the site. For conditions of 
significantly changing flow rates (such as 
from snowmelt in the spring months), grab 
samples were taken more frequently than 
normal. 
Three recording rain gages were in-
stalled on three of the study watersheds. In 
addition, a non-recording, accumulating wedge 
rain gage was placed near each of the dis-
charge stations, and a second gage was placed 
upstream on the watershed. Descriptions of 
the locations for both the recording and 
non-recording rain gages used in this study 
and their periods of record are given by 
Table 3.3. 
The rain gage network was operated 
continuously for the three years of the 
project. The Heiner Stevens "F" Recorder was 
also operated continuously. The other 
wa ter-level recorders and the samp lers were 
not in operation during the winter months or 
early spring when freezing temperatures were 
possible. To avoid the risk of vandalism, 
all of the recording equipment at the seven 
ephemeral stream sites was removed from the 
field just prior to hunting season, and 
reinstalled in May of each year of the 
study. 
Vandalism was not a serious problem 
during the course of the project. One 
recording rain gage was damaged and had to be 
replaced, but bullet holes at three other 
sites did not harm either the sampler 
or the recorder. In addition, the Grassy 
Trail transducer (water level indicator) was 
damaged by vandals prior to the operating 
season in 1979, but no data were lost as a 
result. 
N 
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Table 3.5. Specific information for each of the eight stream sampling sites.a 
-
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Upstream Upstream Center Locatio.n Location Height 
of Lower of Lower 
of Location Control Type Intake Intake Lower Above Above 
Control Control Intake 
Wattis I' x 4' Cutthroat In flume Left side 0 
with 5: 1 wings of flume 
Coal I' x 4' Cutthroat In flume Right side 0 
with 5: 1 wings of flume 
Soldier 8' Culvert 3.7 Center of 2.1 
flume 
Sunnyside 5:1 Triangular 10.1 4.6 Right 0.6 
Lower 
Sunnyside 4: 1 Triangular 15.5 0.4 Right 0.6 
Upper 
Main 4' x 2' Cutthroat In flume In flume 0 
with 6' Ci-
polletti Wing 
with 2: 1 side 
slopes 
Grassy Natural -- -- 0.4 
Trail 
Price Reactivated USGS stream gage location 
River at 
I I 
Helper 
(Heiner) 
aRefer to Figure 3.8 for an illustration. 
bSee Appendix A for rating curves. 
I Center Center Upstream Upstream Height Location Location Location 
of of 
of Upper of Upper Upper Sampler Intake Intake Intake Intake 
13.8 2.1' Left 0.5 16.2 
16.6 0.3' Right 0.5 18.8 
-- -- --
3.2 
10.3 5.6' Right 1.1 10.9 
15.5 1. 5' Right 1.0 20.6 
13.3 2.8' Left 0.5 15.8 
-- -- -- --
.J 
Height of Flow at Approximate 
Center Top of Height Maximum 
Location Sampler of Top Rated Flow Water 
of Intake of Capacity of Level 
Sampler Above Sampler the Recorder 
Sectionb Intake Bottom Intake 
Control (cfs) (cfs) 
2.3 Left 0.6 7 480 'fFH 
. 
0.3 Right 0.8 10 325 ttFtt 
-- 0.4 8 245 Pressure 
Transduce r 
5.0 Right 1.2 12 190 rtF" 
2.0 Right 0.6 3 200 "F" 
3.7 Left 0.7 9 150 "F" 
-- 0.5 3000 Pressure 
Transduce r 
950 "FH 
CHAPTER IV 
~~ALYSIS OF RESULTS 
Data Description 
.It is emphasized again that this study 
was initiated by the BLM on a preliminary 
basis to explore various watershed charac-
teristics which might have an effect on water 
and salt yields from the BLM lands within the 
Price River basin. It. was anticipated that 
the study might indicate, first of all, 
whether research should be continued for the 
purpose of finding a viable salinity manage-
ment alternative. Secondly, it was hoped 
that if the study indicated that continued 
research would be worthwhile, it might also 
suggest the direction in which future 
research efforts should proceed. 
Much effort was devoted to establishing 
the monitoring equipment at the seven gaging 
sites and on the subwatersheds. In addition, 
because runoff producing events occurred 
rather infrequently on a particular subwater-
shed, the data collected during the period of 
the study were sparse. Because adequate data 
are essential to a proper understanding of 
the Price River salinity system, sound 
conclusions could be reached only by con-
tinuing the study (albeit modified as 
seemed appropriate) for a period of several 
years. Thus, the analysis of the data 
collected during the period of this study and 
presented by this chapter is of necessity 
cursory and the resulting conclusions 
are, therefore, very tentative and limited in 
nature. 
Various types of instrumentation were 
used to collect data including recording and 
non-recording rain gages, stilling wells, 
cutthroat flumes, triangular weirs, water 
level recorders, and automatic samplers. 
Analyses were made in the field as well as in 
the laboratory. Laboratory analyses were 
performed on various grab samples and on 
all storm samples. The data obtained were 
substantially different among the various 
sites. All water conductivity readings cited 
in this report are temperature corrected. 
The site of Heiner on the Price River 
produced water quality and flow data regular-
ly for two and one-half years. However, 
there were brief intervals during the winter 
months when the stream froze, making data 
collection impossible. Of the intermittent 
s ubwa tersheds, very li tt Ie data were gener-
ated for Sunnyside Upper, Sunnyside Lower, 
29 
.and Main Wash. Sunnyside Upper and Sunnyside 
Lower each experienced only one runoff 
producing event during the period of the 
study, with flow and water quality data being 
obtained on these two occasions. Main 
Wash experienced two runoff producing events, 
but precipitation data were available from 
only a non-recording rain gage. The lack of 
da ta acquired from these three sites makes 
speculation on the salinity characteristics 
of these watersheds inconclusive. 
The remaining four intermittent sub-
watersheds in the study produced more useful 
information than the previous three areas 
discussed above. The Coal Creek basin 
contained both recording and non-recording 
rain gages for the collection of daily and 
weekly precipitation. Although no grab 
samples were procured from the channel, five 
storm events were recorded dur the study 
interval. Soldier Creek watershed also 
contained both a recording and non-recording 
rain gage. Besides experiencing four runoff 
producing storm events, snowmelt runoff 
occurred from this subwatershed. The Wattis 
site included non-recording wedge gages for 
weekly rainfall data. This subwatershed also 
experienced four storm runoff producing 
events, and some water quality and flow data 
also were collected during the snowmelt 
periods of 1978,1979, and 1980. Finally 
because Grassy Trail is a large watershed 
containing the subwatersheds of Sunnyside 
Lower, Sunnyside Upper, and Main Wash within 
its boundaries, it contains eight non-
recording rain gages and one recording rain 
gage. During the study period four storm 
events were recorded. In addition, because 
the stream usually contained some flow, water 
quality and flow data were taken on a regular 
basis. 
General Water Quality 
Characteristics 
The salinity characteristics of the 
runoff from the various drainage areas 
included in the study varied widely (Table 
4.1). In general, high runoff salinity 
levels were recorded for the Soldier, 
Wattis, and Grassy Trail basins. (See Tables 
4.2 and 4.3.) Salinity levels for the 
remaining four intermittent basins were 
generally low, although, as previously 
indicated, data for Sunnyside Upper, Sunny-
J 
Table 4.l. A summary of some water quality observations at the eight sampling stations. 
~-
-
Sampling Salinity (tds) Sulfate Chloride Bicarbonate Others (High Readings) Suspended Sediments 
Station __ ... _.tIax~ __ Mig-,-_ IYp'iS.§lJ .M<\;'L_ l'JiOIl.,. 
Heiner 803 21 300 100 67 426 119 67 5 85 V. Hard 2,948 1 100 
(Price R.) 
Soldier 26,00.0 1,000 20,700 217 911 694 1,705 41 5,900 V. Hard 150,000 40,000 100,000 
7570' 500 2 
Watt is 15,000 5,000 9,183 734 2,580 951 801 43 3,940 V. Hard 230,000 33,550 125,000 
Grassy 15,000 1,500 7,646 351 373 12 1,040 651 837 21 2,501 110,000 900 50,000 
Trail 8000 2 3002 77 2 22,0002 12 
Coal 3,462 464 1,000 1,529 289 4,160 150 283 59 14 159 Hard 144,000 32,000 90,000 
Main 112 6 365 94 Hard 56,100 2,990 
Sunnys~de 6,892 4,091 51 1,145 441 666 12 276 V. Hard 133,500 42 
(Upper & 
Lower) 
Notes: 
--1-,- All concentration levels are expressed 
2, Based on observations during non-storm runoff periods. 
'" 0 
Table 4.2. Comparison of mean TDS concentra-
tions for stormflows for subwater-
sheds with at least four storm 
events. 
Number of Sample 
Si te Nam<:.. __ St.£:r~Eve~!!. .. _S.~.:1:~_. 
Soldier Creek 
Wattis 
Grassy Trail 
Coal Creek 
4 
4 
4 
5 
8 
15 
14 
23 
Average TDS 
(mg/l) 
6,683 
10,407 
8,205 
1,103 
Table 4.3. Comparison of mean TDS concentra-
tions for periods of constant 
streamflow. 
Heiner (Price River) 
Grassy Trail 
Wattis 
Soldier 
37 
3q 
10 
8 
366 
4,188 
10,231 
10,364 
side Lower, and Main Wash are very sparse. 
Data for the Price River at Heiner serve as a 
measure of the background salinity levels 
produced in the high drainage areas of the 
basin. Some additional comments concerning 
the water quality; observations at each of 
the eight runoff sampling stations included 
in this study are given in the following 
paragraphs. Data taken at all stations are 
included in Appendix B. 
The Price River at Heiner 
The Price River has good quality water 
which usually meets the drinking water 
standards for human consumption (see Table 
4.4). The highest recorded flow at Heiner 
was 1060 ds on May 29, 1980. A typical flow 
for the river was 200 cfs. 
Soldier Creek 
In most instances, Soldier Creek water 
had conductivity readings over 7500 ~mhos/cm, 
making it unsuitable for irrigation of any 
kind. Most of the sulfate values recorded 
exceeded 1,500 mg/l making the water mildly 
toxic to livestock. The largest flow recorded 
a t the Soldier Creek control was 10 cfs 
during a storm.runoff event. 
Wattis 
----
Like Soldier Creek the Wattis subwater-
shed produced very poor quality water. Its 
TDS content generally ranged from ),000 mg/l 
to 15,000 mg/l for both storm flows and for 
periods of constant streamflow. However, the 
SS content for a storm flow was generally 
much higher than the SS content during 
periods of steady flow. On many occasions, 
the conductivity exceeded 7,500 \lmhos/cm 
making the water unsuitable for irrigation of 
any kind. Also, because of its high sulfate 
and salinity levels, the water often is not 
suitable for livestock. The largest flow 
recorded at the Wattis control was 630 cfs, 
which is 63 times larger than the highest 
flow at Soldier Creek. 
Grassy Tra il 
A wide variation was experienced in the 
data for the Grassy Trail Creek site due in 
part to its great size. The salinity .levels 
during storm flows ranged from 1,500 mg/l to 
15,000 mg/l, while levels for periods of 
Table 4.4. Various water quality standards and criterion that are important to this research . 
. u"Qr..!.llking Water Irrigation 
TDS (mg/l) ~ 500 mg/1--unacceptable 2: 5000 mg/1-- unsuitable 
Conductivity 
(\lmhos/cm) 
Sulfate 2: 250 mg/l--unacceptable 
Chloride (mg/l) 2: 250 mg/l--unacceptable 
~ 3000 \lmhos/cm unsui"t-
able for much irrigation 
~ 7500 ~mhos/cm unsuit-
able for all irrigation 
Livestock 
~ 7000 - avoid, un-
suitable for some 
livestock ~ 10,000 
mg/l unsuitable for 
all livestock 
~ 500-cathertic 
effects 
2: 1500 mg/l mildly 
toXic to livestock 
Other ____ _ 
Bicarbonate (mg/l) ~ 800 mg/l health 
concern 
Hardness (mg/1 as 
CaCO s 
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0-60 - soft 
61-120 - med. hard 
121-180 - hard 
> 180 - very hard 
continuous flow ranged from 300 mg/l to 8,000 
m1'./l. The suspended sediment (55) content 
during storm flows was as high as 110,000 
mgil and as low as 900 mg/l, with a typical 
value being 50,000 mg/l. On the other hand, 
SS values for periods of steady flow ranged 
{raUl 1 m~/l to 22,000 mg/l. In some in-
stances, Grassy Trail Creek water was un-
suitable for either irrigation or livestock 
use due to high conductivity, salinity, and 
sulfate readings. The largest flow recorded 
at the Grassy Trail control was 3,000 cfs. 
Coal Creek 
--------
Compared with many of, the other inter-
mittent streams included within this study 
the quality of the outflow from the Coal 
Creek subbasin was relatively good. The 
salinity for a storm runoff ranged from 3,462 
mg/l to 464 mg/l with a typical value of 
1,000 mg/l. These TDS values were consider-
dbly lower than the values obtained for the 
three previous watersheds. However, the 55 
content for the Coal Creek storm flows was 
comjJarable with the other watersheds, ranging 
from 144,000 mg/l to 32,000 mg/l. Coal Creek 
had a maximum conductivity reading of 1,880 
Ilmhos/cm making its water suitable for most 
types of irrigation. Its sulfate and TDS 
concentrations were suitable for livestock~ 
but not for human consumption. The largest 
recorded flow at the Coal Creek control was 
300 cfs during a mid-July storm in 1978. 
Maln Wash 
'--'--
Another subwatershed with good quality 
cunoff water is' Ma in Wash. No TDS measure-
ments were made. However, the highest 
conductivity reading was 465 ).lmhos/cm. In 
general, the conductivity readings were 
below even those readings taken at Heiner on 
the Price River. The SS load ranged from 
56,100 mg/l to 2,990 mg/l. Bicarbonate 
values ranged from 365 mg/l to 94 mg/l. 
Surprisingly, all other chemical concentra-
tions for Main Wash generally were lower than 
those for the previous four watersheds. The 
highest recorded values for chlor ide and 
sulfate were 6 mg/l and 112 mg/l, respective-
ly. The hardness of the water varied 
from moderately hard to very hard. The 
maximum flow at Main Wash was 93 cfs during a 
stotm event. Overall, the quality of the 
outflow from Main Wash was very good as it 
satisfied most of the drinking water stan-
dards for humans. 
Sunnyside Upper and Lower 
The only salinity measurement made on 
th is stream was at the 6,892 mg/l Sunnyside 
Upper site during a period of steady flow in 
the channel. The reading was 6,892 mg/l. 
For storm flows, the highest SS concentration 
was 133,500 mg/l. During the only observed 
period of non-storm runoff the 55 load was 4 
mg/l. However, except for 55, the water 
quality during storm events was much better 
than during periods of non-storm flow. The 
water was very hard with the high conduc-
32 
tivity reading of 6,060 ).lmhos/cm being 
observed during a period of non-storm runoff. 
The highest recorded flow at Sunnyside Upper 
was 28 cfs during a storm event. Only one 
flow was recorded at Sunnyside Lower during 
the entire study period. 
Time Factors 
From the tabulated data, many inter-
esting trends were observed. For instance, 
the concept of yield versus time seems to 
indicate that the yield decreases with time 
during the summer months (see Figure 4.1). 
That is, the first storm of the season will 
generally produce a higher runoff to rainfall 
ratio than will later storms. 
One of the important variables which 
characterizes a runoff producing event is the 
rainfall rate. From the three recording rain 
gage sites some indications of the rainfall 
rate can be surmised for each storm flow at 
one of the seven runoff gaging locations. 
Other hydrologic variables, such as soil 
moisture and infiltration rate, make direct 
comparisons rather difficult between sub-
watersheds and from event to event for a 
particular watershed. Furthermore, the large 
gaps in both the recording and the non-
recording rainfall network make the spatial 
and temporal extension of rainfall data 
somewhat approximate. Ra infall rate varies 
during a storm event. The most rapid hourly 
rate for several storms on three of the study 
watersheds and for various proportions of the 
total storm rainfall quantity is given by 
Table 4.5. 
Another expected result was the de-
creasing water quality as indicated by 
i ncreas ing sa lini ty over the spring and 
summer months. This phenomenon probably was 
due to concentrating effects such as evapora-
tion. In other words, the flow continued to 
decrease, while the quantity of dissolved 
solids remained nearly the same. This 
phenomenon was easily observed during periods 
of constant streamflow. For example, at 
Grassy Trail on May 20, 1978, the flow was 
3.2 cfs and the conductivity was 2,000 
~mhos/cm. However, on July 9, 1978, the flow 
had decreased to 0.005 cfs, while the con-
ductivity had increased to 7,515 ).lmhos/cm. 
Also, at the Wattis Creek site on March 22, 
1979, the flow was 3.1 cfs and the con-
ductivity was 9,516 ).lmhos/cm. On May II, 
1979, the flow had dwindled to 0.02 cfs 
and the conductivity had increased to 17,755 
).lmhos/cm. 
Besides the tendency for spring flows to 
de g r ad e 0 v e r tim e , h i g h 1 Y sal i n e flow s 
occurred in some of the channels during the 
winter months. These highly saline winter 
flows probably were due to the low water 
quality of the base flows. For example, 
there were no conductivity readings greater 
than 1,000 ).lmhos/cm on the Price River 
at Heiner during the first 10 months of 1978. 
However, during November and December of 
1978, four out of the eight recorded flows 
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Figure 4.1. Graph of water yield versus time in months for Coal Creek and Soldier Creek 
storms. 
had conductivity readings of greater than 
1,000 ~mhos/cm. At Grassy Trail during 1979, 
the highest conductivity and TDS readings 
were observed during December. The tende~cy 
for highly saline flows to occur during the 
winter months held true for all cases in 
which winter data were obtained. 
Another interesting trend that was 
observed in the data was the cleansing effect 
that occurred between storm flows. There is 
evidence to indicate that the salinity levels 
pf storm flows were lower for those which 
occurred shortly af ter another storm event. 
There are several instances when this situa-
tion occurred during the study period. 
At Coal Creek in 1980 there were two storm 
evencs within 15 days of one another. 
Previously, the most recent storm event 
occurred on August 14, 1979. Mean values of 
various chemical constituents for each runoff 
~roducing event are found in Table 4.6. The 
mean values for the first three recorded 
Soldier Creek storm events which occurred 
wlthin 16 days of one another are found in 
Table 4.7. Similarly, the mean values of the 
same chemical constituents in the runoff for 
two storm events that occurred 35 days apart 
on the Wattis subwatershed are found in Table 
4.8. Previously, the most recent storm event 
occurred on August 13, 1979. 
From the data, it appears as though the 
cleansing effect is very strong for the first 
two weeks. Even after five weeks, there is a 
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noticeable improvement in water quality be-
tween consecutive storms. It is interesting 
to note that there are no signi ficant dif-
ferences between the concentrative levels for 
the two runoff events in the Soldier Creek 
subwatershed of September 7 and 10, 1980 
(Table 4.7). Apparently, a period of time is 
required between runoff events to develop 
salt producing conditions. 
Finally, it is pointed out that most of 
the runoff producing storm events occurred 
during the summer months. Alternatively, the 
highest flows during non-storm runoff periods 
occurred as a result of snowmelt during the 
spring months. It is at this time the 
salinity (TDS) levels are the greatest. 
Salinity Versus Sediment 
and Flow 
Surprisingly, the largest TDS concen-
tration did not necessarily coincide with the 
largest SS concentration (see Figures 4.2 
through 4.9). For storm flows, there was an 
inverse rela tionship between TDS and SS for 
two watersheds, while the R2 values for all 
watersheds varied from 0.008 for Grassy Trail 
to 0.228 for Wattis. During a storm runoff 
event, the SS concentrations varied from 
approximately 10 times the TDS concentrations 
for Wattis to approximately 100 times 
the TDS concentrations for Coal Creek. 
During periods of continuous flow all the 
sites had inverse relationships between TDS 
w 
+:'-
.J 
Table 4.5. Variation in rainfall intensity during an event for various storms in the Price River basin. 
Data in the Columns 
flow designation 
Dllte 
Peak flo,", Cds) 
Storm rainfall \? recording gage (inches) 
Length of scorm rainfall (~inutes) 
Hourly r8:2 of rainfall (inihr) 
Hourly rO:2 of t~e most rapid 90 percent 
of stor= rainfall. in/hr 
Hourly rate of the most rapid 80 percent 
of stor= rainfall, in/hr 
Hourly ra:e of the most rapid 70 percent 
of stor= rainfall, in/hr 
Hourly ra~e of the most rapid 60 percent 
of stor= rainfall. in/hr 
Hourly rate of the most rapid 50 percent 
of stor~ rainfall, in/hr 
Coal Creek Area 
Subwatershed Area and Storm Event 
- Soldier C~eek=Area 
C-A C-B C-C C-D C-E S-A S-B S-C S-D 
7/18/78 8/13/78 8/14/79 8/25/80 9/9/80 8/25/80 9/7/80 9/10/80 10/12/80 
305. 37. 30. 42. 15. 10. 5. 10. 6.5 
0.41 0.55 0.27 0.71 0.51 0.46 0.19 0.31 0.28 
17 40 20 37 260 25 125 128 176 
1. 4'; 0.83 0.81 1.15 0.12 1.10 0.09 0.14 0.10 
1. 85 0.91 1. 60 1.54 0.19 1.09 0.09 0.16 0.09 
2.48 1. 26 1.65 1.56 0.18 1.08 0.10 0.18 0.10 
2.49 2.60 1.63 1.88 0.18 1.10 0.08 0.20 0.10 
3.00 2.83 1.64 1.99 O.li 1.08 0.08 0.21 0.11 
3.08 3.30 1.62 2.40 0.22 1.20 0.09 0.24 0.13 
U22er Sunn:z:side Area 
U-X U-A U-B 
7/1/80 8/23/80 9/7/80 
28. ' 15. 10. 
0.41 0.43 0.33 
202 24 52 
0.12 1.08 0.38 
0.13 1.15 0.44 
0.14 1. 30 0.44 
0.16 1.31 0.48 
0.17 1.45 0.50 
0.19 1. 70 0.62 
Table 4.6. Mean values for various water 
quality parameters for two suc-
cessive storms at the Coal Creek 
subwatershed in 1980. 
TDS (mg/l) 1,065 488 
SS (mg/l) 81,024 124,750 
S04 (mg/!) 630 203 
Na (m~l 91 34 
K (mg i) 7 6 
Mg (mg/l) 28 12 
Cl (mg/l) 19 6 
Ca (mg/l) 198 112 
HCO 3 (mg!l) , 1,997 145 
Cond. ()Jmhos / em) 1,419 685 
Total Hardness (mg/l 603 326 
~~22.L __ 
Table 4.7. Mean values for various water 
quality pa~ameters for three suc-
cessive storms at Soldier Creek 
subwatershed in 1980. 
Aug. 25 Sept. 7 Sept. 10 
StQ!l!! StqXIIl ___ Stann 
TDS (mg/l) 24,650 1,550 
SS (mg/l) 114,728 67,133 57,922 
S04 (mg/l) 16,552 697 1,007 
Na (mg/l) 4,530 392 210 
K (mg/l) 32 11 8 
Mg (mg/!) 1,282 86 51 
Cl (mg/l) 154 20 9 
Ca (mg/!) 493 242 273 
HC0 3 (mg/!) 115 118 
Condo ()Jmhos/em) 20,450 2,781 2,029 
Total Hardness 6,482 958 757 
(mg/! as CaC0 3 ) 
_.- ------_ ...... _---
Table 4.8. Mean values for various water 
quality parameters for two suc-
cessive storms at the Wattis sub-
watershed in 1980. 
rDS (mgil) 
SS (mg/l) 
S04 (mg/l) 
Na (mg/l) 
K (mg/l) 
Mg (mg/l) 
CL- (mg/l) 
Ca (mg/l) 
HCO) (mg/l) 
Cond. (I1mhos / em) 
Total Hardness {mg/l 
as _:"::":.::..2."- __ 
Sept. 9 Storm Oct. 14 Storm 
8,300 
122,500 
5,920 
2,042 
22 
80 
337 
289 
130 
9,921 
2,074 
138,150 
3,412 
852 
15 
145 
43 
344 
96 
4,648 
1,453 
and SS. The R2 values ranged from 0.005 
tor Heiner to 0.288 for Wattis. During 
those periods of constant streamflow, the SS 
concentrations were in the same range as the 
TDS concentrat ions. However, there was a 
wide variation in values and the SS concen-
trations were well below their storm values. 
Although there was little correlation between 
high SS load and high TDS load for a given 
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storm flow, there was some tendency for 
generally higher SS to produce generally 
higher TDS loads among storms within the same 
watershed. 
There was also very little correlation 
between TDS content and flow rate (see 
Figures 4.10 through 4.16). During storm 
events there were very weak relationships 
betwe.en TDS and flow rate with R2 values 
ranging from 0.002 for Coal Creek to 0.222 
for Wattis. However, during periods of 
continuous flow all of the relationships 
between TDS and flow rate were inverse. That 
is, as the flows increased, the TDS concen-
tration decreased. There seems to be a 
strong relationship between SS concentration 
and flow rate (see Figures 4.17 through 
4.23). 
Generally, for summer storms, the 
highest sediment loads were associated with 
the highest flows. Also, for those periods 
of constant streamflow in the ephemeral 
channels, the highest sediment loads were 
associated with the large, early spring 
flows. These high SS loads were probably due 
to overland flows. For storm flows, the R2 
values were as high as 0.50 for Soldier 
Creek, wh ile the RT va lues were as high as 
0.98 for Grassy Trail during periods of 
continuous flow. However, there was not much 
correlation between high SS content and 
high flow rate for the Price River at Heiner. 
The R2 value for the SS versus flow rate 
equation was only 0.29. 
Besides the relationship between sa-
linity and sediment, there are other possible 
relationships involving TDS. As expected, 
the best indicator of TDS was conductivi ty 
(see Table 4.9). This relationship is 
especially important since there were many 
occasions during the study period when the 
TDS concentrations were unavailable. On 
those occasions, conductivity serves as a 
good indicator of salinity. However, it is 
im!:,ortant to note that there are gypsum 
(CaS04) soils present in the Price River 
basin which affect the conductivity readings. 
The mineral gypsum has moderate solubility 
and can serve as either a source of salt when 
it dissolves or as a sink for salt when it 
precipitates in the soil. Gypsum readily 
forms ion pairs which reduce the current 
conduct ing capaci ty of the gypsum solut ion. 
Ion pair formation is a correction factor 
that accounts for short range interaction 
between oppositely charged ions. The net 
result of ion pair formation is that 1) the 
conductivity of a solution with a high 
proportion of sulfate will underestimate the 
TDS concentration and 2) the effects of ion 
pair formation become more important as the 
sulfate concentration increases (Jurinak 
1981). Many of the flows in the intermittent 
channels of the Price River basin have high 
sulfate concentrations. 
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Figure 4.2. Graph of TDS content versus SS content for Coal Creek storms. 
The equation of the line and the R2 value are given. 
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~-l 
2 .... 1!IISII!:f~ • 
2'''_'.1 
~ ' •• "B. 
.-I 
....... 
~.'E"_. 
....... ' 
CIJi llilll_. 
A 
E-(' 
8BIIII. 
."11 •. 
",11_. 
.J 
"'r' • .,.2S .... '72 ).( ... c- t I...4'-42L;.e:a 1 G3":: 
... 
A-5:'..I It t!.62;11 .. ..,. 
... 
... 
... 
... 
'1!f'oot.e:sB.' f 2B2IB. 
88 (::1:::;/1) 
Figure 4.3. Graph of TDS content versus SS content for Soldier Creek storms. 
The equation of the line and the R2 value are given . 
1:11&:.,.,. 
... 
12B811. 
" 
I ... 
,...i 
_,aEaa. 
g> I ... 
'-".crlHf. 
U:l 
t:l E-of'7s:: ..... 
_aa. 
.... EII •• 
2£1B£I. 
I S£lB. 
... 
;r.::....~ -1!!MI,erBSS )( + CSLiW J;3 1 SCI'-fl 
...-am. ~ m.t'n.'JB'2t! 
... 
... 
... 
... 
... 
... 
... 
... 
... 
... 
I aelB£I. :I"'IBIlII. :11.112121 ..... 11111111 ••• lIeI" • .., .... BB. SJ4erBII# lieDEI'II. t lI",mll!fli!!!t. 
S8 (m~/I) 
Figure 4.5. Graph of TDS content versus SS content for Grassy Trail storms. 
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The equation of the line shows that there is an iriverse relation-
ship between TDS and SS for reriods of continuous streamflow in 
the ephemeral channel. The R value is also given. 
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Figure 4.8. Graph of TDS content versus SS content for Grassy Trail water-
shed. The equation of the line shows that there is an inverse re-
lationship between TDS and SS for periods of continuous stream-
flow in the ephemeral channel. The R2 value is also given. 
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Figure 4.14. Graph of TDS content versus flow rate for Coal Creek storms. 
The equation of the line and the R2 value are also given. 
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Figure 4.16. Graph of TDS content versus flow rate for Wattis storms. The 
equation of the line and the R2 value are also given. 
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Figure 4.15. Graph ofTDS content versus flow rate for Soldier Creek storms. 
The equation of the line and the R2 value are also given. 
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Figure 4.17. Graph of SS content versus flow rate for Soldier Creek basin 
during periods of continuouS streamflow. The equation of the 
line and the R2 value are also given. 
+:--
o 
,.., 
r-l 
-
(Jj 
~ 
I~ 
"'-" 
(I) 
(.:~ 
H 
s: .......... J ... 
I 
.111 
Y =: -!!!I 1 8. I .... '-17:1 X + C I 35JS': I .1I!57Sa I :l 
Ft .... SGl t:: ilI.m;ayss: 
... 
:+ + ... 
.... 2 .• ..... c . .,. '7.' •• C ..... t I~"" 
o (cfs) 
Figure 4.18. Graph of SS content versus flow rate for Wattis basin during 
periods of continuous streamflow. The equation of the line 
and the Rl value are also given. 
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Figure 4.20. Graph of SS content versus flow rate for the Price River at 
Heiner. The equation of the line and the Rl value are also 
given. 
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Figure 4.19. Graph of SS content versus flow rate for Grassy Trail basin dur-
ing periods of continuous streamflow. The equation of the line 
and the Rl value are also given. 
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Figure 4.21. Graph of SS content versus flow rate forCoal Creek storms. 
The equation of the line and the Rl value are also given. 
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Figure 4.22. Graph of SS content versus flow rate for Soldier Creek storms. 
The equation of the line and the R2 value are also given. 
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Figure 4.23. Graph of SS content versus flow rate for Wattis storms. The 
equation of the line and the R2 value are also given. 
-Table 4.9. Various parameters associated 
with TDS versus conductivity 
relationship. 
'~l te Average Average 
T08 Conductivity Sample R2 
'lame ~1) (b!mhos! em} Slo]2e Size Value 
Coal Creek 1103 1188 0.90 23 0.11 
Soldier 8415 9105 0.94 17 0.82 
Creek 
Grassy 5414 5604 0.97 49 0.88 
Trail 
Wattis 10,337 9742 1.04 25 0.44 
H_einer __ J..~ 513 0.65 24 0.35 
It also is noted that the correlation 
o~tween conductivity and salinity is directly 
re lated to the salinity level. For example, 
the R2 values for Soldier, Grassy Trail, and 
~dttis were 0.82, 0.88, and 0.44~ respective-
ly. On the other hand, the RL values for 
oal Creek and the Price River at Heiner were 
,.11 and 0.35, respectively (Table 4.9). 
Relationships also were examined between 
s~linity and other chemical water quality 
parameters. It was found that in general 
t l1e degree of correlation was inVersely 
related to the salinity level (see Tables 
~.10 and 4.11). For storm flows on the Coal 
reek subwatershed, the highest R2 value 
,0.413) was ach ieved for the TOS versus 
sodium relation. At the Heiner station, the 
nighest R2 value achieved was 0.633 for the 
ros versus sodium relation. However, for 
"torm flows at the Grassy Trail station R2 
values of 0.978, 0.944, 0.939, 0.832, and 
:j .891 were achieved for salinity versus 
~ :1dium, sulfate, chloride, magnesium, and 
lotal hardness, respectively (Table 4.11). 
iable 4.11 also indicates that for storm flow 
lrom the Soldier Creek subwatershed 89 
percent of the R2 va lues exceeded 0.50. 
Ihis same ratio for the Wattis Creek sub-
w~tershed was 44 percent. 
Tables 4.10 and 4.11 suggest several 
otner trends. First, R2 values for sodium, 
sull ate, chloride, and magnesium tend to be 
h\~h when salinity (TOS) levels are high. 
Second, sodium and sulfate seem to be the 
best indicators of high salinity for all 
watersheds. Finally, bicarbonate, SS, and 
calcium seem to be little related to the TOS 
c;,'ntent. 
Another relationship which was examined 
l:i> based on the cha racter iza t ion of the 
runoff water by its predominant cation and 
;jnion (see Tables 4.12 and 4.13). Waters 
with sodium as the predomin~nt cation had the 
t1 ighest salinity levels, while waters with 
':alcium or magnesium as the predominant 
ation, generally had low salinities. 
Sodium seems to be the predominant Cation in 
the runoff from those subwatersheds having 
relatively large areas of saline soil. On 
the other hand, there does not seem to be 
much correlation between the predominant 
42 
anion and salinity. However, sulfate usually 
was the predominant anion when sodium was the 
predominant cat ion. For example, for storm 
flows the highly saline SoUer Creek and 
Wattis subwatersheds could be characterized 
as NaS04 waters. On the other hand, the 
low salinity storm flows from the Coal Creek 
and Sunnyside Upper subwatersheds can be 
characterized as either CaS04 or CaCU3 
waters. 
At this point, it should be noted that 
certain water quality chemical parameters are 
more important than others in determining the 
suitability of the water for specific uses. 
Generally, TDS content and conductivity are 
the most important factors in determining 
whether a water is safe for irrigation or for 
livestock. TDS, sulfate, and chloride are 
the most important water quality parameters 
of those studied for human drinking water 
standards. Also, bicarbonate concentrations 
are only important when they reach extremely 
high levels. Of the four cations identified 
in this study; namely, calcium, magnesium, 
sodium, and potassium, only sodium apparently 
represents an important potential hazard to 
human health. 
Land T rea tment EXf~~~s 
The two land treatment methods which 
were included in this study were contour 
furrowing and chaining. ,Contour furrowing is 
th. process of creating rills in the soil to 
retain water and retard runoff. Contour 
furrows are usually constructed with a 
machine that makes the furrows 150 cm apart, 
20 to 30 cm deep, 50 to 76 cm wide, and 
dammed at 1.2 to 6.2 meter intervals. The 
maximum capacity for newly constructed 
furrows is approximately 5 cm of precipita-
t ion. Therefore, little runoff or sediment 
production is expected (Heady 1975). The 
storage capacity decreases rapidly with land 
use. Contour furrowing was applied to the 
Coal Creek basin approximately 15 years ago 
and the area was seeded to crested wheat 
grass which now is its predominant vegeta-
tion. The contour furrows are still very 
apparent in the subwatershed; however, it is 
est imated that their water holding capacity 
has been reduced by sedimentation to approxi-
mately half of their original capacity. 
Table 4.1 indicates that the chemical 
water quality of the surface runoff from the 
Coal Creek subwatershed is significantly 
better than the quantities of flows from the 
Soldier, Wattis, and Grassy Trail subwater-
sheds. However, there is simply insufficient 
data to attribute this relatively good 
quality at the Coal Creek station to the 
effects of contour furrowing on the subwater-
shed. There are no before treatment data and 
the post treatment data are entirely in-
adequate. Other factors likely are involved 
in producing the relatively low salinity 
levels in the surface runoff from the Coal 
Creek subwatershed. Examples of possible 
other factors are the high density of crested 
wheat grass, and the absence of saline soils 
Table 4.10. R2 values for salinity versus other water quality parameters for non-storm flows. 
Approx. Max. 
Salinity 
__ (mg/1) ~ 
Proportion of Total 
Number of R2 Values 
Heiner 800 -0.187 0.622 0.432 0.410 0.000 0.412 0.179 0.234 0.137 -0.005 0.11 
TDS 
Grassy Trail 8,000 -0.492 0.740 0.839 0.368 0.001 0.742 0.746 0.529 0.203 -0.136 0.56 
TOO 
Soldier 26,000 -0.637 0.522 0.598 0.078 0.448 0.986 0.576 0.550 0.616 -0.247 0.67 
fOS 
Wattis 15,400 -0.272 0.824 0.972 0.517 0.004 0.856 0.740 0.760 0.198 -0.288 0.67 
I:DS 
--~~--.. ----
Table 4.ll. R2 values for salinity versus other water quality parameters for storm flows. 
Approx. Max. Proportion of Total 
Salinity 
Na+ ++ -
_ . ++ + Number of R2 Values 
___ Jl. ___ 
_s..<!L ___ f!:!... ___ ~_t!SQ] _ _G.1 __ .. tfz.. .. _____ ! ___ -.!!L ___ §§ __ Grel!f~~_h_an 0 .~ 
Coal 3,500 0.002 0.413 0.335 0.038 0.158 
TDS 
Soldier 26,000 1.00 0.996 0.999 0.870 0.152 
TOO 
Wattis 15,000 0.222 0.805 0.886 0.392 0.109 
TDS 
Grassy Trail 15,000 0.978 0.944 0.143 -0. 294 
Table 4.12. Water characterization for storm 
Nam~ ~_te 
CB 8/13/78 
C( 8/14/79 
CD 8/25/80 
CE 9/9/80 
SA 8/25/80 
SB 9/7/S0 
SC 9/10/S0 
SD 10/12/S0 
WA 8/20/78 
WB S/13/79 
we 9/9/80 
WD 10/14/80 
MB 9/10/80 
UA 8/23/80 
GB 8/l3/78 
GL 8/23/80 
GO 9/7/S0 
Abbreviations 
Predominant Ion 
Mass According 
__ 'p,,~ak __ fl...Qw To_goncentration 
37 CaSO, 
30 CaS04 
42 CaHC03 
15 CaSO, 
10 NaS04 
5 NaS04 
10 Na/CaS04 
5 NaSO, 
34 NaSO, 
630 NaS04 
38 NaSO, 
295 NaSO, 
CaHCOs 
15 CaHCOs 
165 NaSO, 
NaSO, 
CaSO, 
Ave. 
TDS 
847 
1.480 
1,065 
488 
24,650 
1,550 
5,846 
l3,175 
8,300 
9,406 
3,800 
CB - Storm B on the Coal Creek subwatershed (see 
Table B-3) 
SA - Storm A on the Soldier Creek subwatershed 
WC - Storm C on the Wattis Creek subwatershed 
MB - Storm B on the Main Creek Wash 
UA Storm A on the Sunnyside Upper subwatershed 
GO Storm 0 on the Grassy Trail subwatershed 
43 
-0.011 0.200 0.000 0.071 -0.010 0 
0.998 0.967 0.989 0.977 0.623 0.89 
-0.182 0.841 0.366 0.899 0.228 0.44 
0.939 0.832 0.486 0.891 -0.008 0.56 
on the watershed (Table 3.2). Soldier, 
Wattis, and Grassy Trail subwatersheds all 
have substantial areas of highly saline soils 
within their boundaries. 
-The other land treatment that was 
examined in the study was chaining. Chaining 
is accomplished by dragging a large chain, 
each end being attached to a tractor, through 
the area. This method is especially well-
suited for large brush or for small trees 
with rigid trunks. Chaining can be done on 
slopes as steep as 45 degrees and in rocky 
terrain (Heady 1975). A few years before 
this study chaining was applied to the 
Sunnyside Lower basin which now has pinyon-
juniper and crested wheat grass as its 
predominant vegetation. 
The effects of chaining were difficult 
to determine in this study due to the severe 
lack of data. As was previously mentioned, 
there was only one recorded f low at the 
Sunnyside Lower control during the entire 
study period. A comparison of water quality 
data obtained from the two adjacent Sunnyside 
watersheds during periods of continuous 
flow can be found in Table 4.14. It is 
important to note that chaining was applied 
to a basin which contains no highly saline 
soils. Because of the paucity of data which 
could be collected during this study, no 
conclusions can be drawn as to the effects of 
chaining on the quality of surface runoff. 
Table 4.13. Water characterizations for non-
storm flow 
-'-"'''-'''' '-"~'-
GRAB SAMPLES 
Site _ ... _.I§~_ J19:W<::111l r Ilct;erj,z <l t i9.11 ___ -,T""D""S,-
Reiner 
Heiner 
Heiner 
Heiner 
Reiner 
Heiner 
Reiner 
Heiner 
Reiner 
Reiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Heiner 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
10/16/80 
9/3/80 
6/26/80 
6/10/80 
5/8/80 
4/24/80 
4/4/80 
3/2/80 
1/21/80 
12/17/79 
12/1/79 
11/2/79 
10/2/79 
9/5/79 
6/28/79 
5/31/79 
4/20/79 
3/28/79 
2/22/79 
12/15/78 
11/25/78 
10/30/78 
10/6/78 
9/20/78 
9/11/78 
8/20/78 
7/24/78 
7/25/78 
7/18/78 
7/6/78 
6/26/78 
6/12/78 
6/2/78 
5/27/78 
5/30/78 
5/13/78 
5/8/78 
4/28/78 
10/16/80 . 
9/3/80 
7/3/80 
6/26/80 
6/10/80 
5/8/80 
4/24/80 
4/4/80 
3/2/80 
12/17/79 
12/1/79 
11/2/79 
10/2/79 
9/5/79 
6/28/79 
5/31/79 
5/23/79 
4/20/79 
4/13/79 
11/25/78 
10/30/78 
10/6/78 
9/20/78 
9/11/78 
8/20/78 
83 
360 
785 
460 
73 
160 
150 
310 
350 
340 
320 
7/29178 .03 
CaRCO, 
CaRCO, 
CaRCO, 
CaRCO, 
CaRCO, 
CaRC0 3 
CaRCO, 
CaRC0 3 
CaRCO 3 
CaRC03 
GaR CO 3 
CaRC0 3 
CaRC03 
CaRC0 3 
CaRC0 3 
CaRCO,/SO. 
• Ca/Mg/RC03/S04 
CaS04 
CaRCO, 
CaSO. 
CaRCO 3/so. 
CaRCO, 
CaRC03 
CaRCO, 
CaR CO , 
Mg RC0 3 
CaSO. 
CaRCO, 
CaRCO, 
CaRCO, 
CaHCO, 
CaHC0 3 
CaHC0 3 
CaHC03 
CARCO, 
GaHC03 
CaS04 
CaHC03 
NaSO. 
NaSO. 
NaHC0 7 
NaSO. 
GaS04 
CaS04 
CaS04 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
CaSO. 
NaSO. 
Na, CaSO. 
NaSO. 
NaSO. 
NaS04 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaS04 
204 
188 
253 
290 
370 
215 
158 
354 
300 
537 
503 
472 
184 
262 
21 
270 
320 
595 
434 
696 
632 
803 
273 
253 
281 
316 
366 
321 
400 
357 
393 
353 
294 
289 
316 
399 
322 
5,620 
4,150 
1,820 
1,450 
735 
1,010 
1,414 
5.575 
4,900 
7,555 
7,713 
5,608 
5,985 
6,632 
319 
550 
472 
3,120 
5,502 
5,662 
6,800 
6,962 
3,530 
7,925 
7,700 
7,201 
44 
Table 4.13. Continued. 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Soldier 
Soldier 
Soldier 
Soldier 
Soldier 
Soldier 
Soldier 
Soldier 
Wattis 
Wattis 
Wattis 
Wattis 
Wattis 
Wattis 
Wattis 
Wattis 
Wattis 
Wattis 
7/25/78 
7/18/78 
7/6/78 
6/26/78 
6/19/78 
6/12/78 
6/2/78 
5/27/78 
5/20/78 
5/13/78 
4/28/78 
5/8/80 
4/24/80 
4/3/80 
3/10/80 
3/2180 
3/28/79 
3/15/79 
3/8/79 
7/1/80 
5/8/80 
4/24/80 
4/3/80 
3/7/80 
2/29/80 
4/19/79 
3/28/79 
3/15/79 
3/8/79 
Sunny Up. 4/13/79 
GRAB SAMPLES 
3.17 
3.74 
3.96 
.007 
.018 
.4 
1.7 
1.1 
1.1 
3.1 
14.0 
.3 
11.0 
1.3 
12.7 
.038 
NaSO. 
NaSO. 
NaSO. 
Na 
NaSO. 
NaSO. 
Na 
Na 
NaSO. 
NaSO. 
NaSO. 
NaSO., 
Mg>Ca 
NaSO., 
Mg>Ca 
NaS04, 
Mg>Ca 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
CaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
NaSO. 
tlgS0. 
Saline Soil Effects 
6,454 
7,138 
6,228 
3,100 
1,687 
1,677 
1,961 
1,786 
1,970 
2,806 
26,370 
4,240 
19,190 
16,885 
9,790 
3,720 
2,305 
408 
6,700 
13,900 
15,410 
13,680 
8,545 
9,690 
13,382 
7,686 
8,160 
5,110 
6,892 
The saline soil to area ratio (Table 
3.2) seems to be directly related to salinity 
levels in the surface runoff (see Figure 
4.24), This ratio seems to be the single 
most important factor in determining salinity 
in the runoff waters. Runoff from the three 
subwatersheds containing significant areas of 
saline soil (Soldier, Wattis, and Grassy 
Trail) has high salinity levels. The Soldier 
Creek subwatershed with a saline soil to 
total area ratio of 34 percent yielded the 
highest recorded TDS concentration at 26,000 
m~/l, Also, both the Wattis and Grassy Trail 
subwatersheds, with saline soil ratios of 10 
and 17 percent, respectively, yielded high 
TDS levels throughout the study period (Table 
4.1). Besides TDS, these three subwatersheds 
consistently had poor water quality as 
judged by the other chemical water quality 
parameters. It is interesting to note also 
that the runoff from these same three sub-
watersheds can be characterized as NaS04 
waters, while runoff from the remaining 
subwatersheds can be characterized as either 
MgS04, CaC03, CaS04. or MgC03 waters. 
Table 4.14. Comparison of water quality data 
obtained from the two adjacent 
Sunnyside watersheds during pe-
riods of continuous flow. 
TDS (mg/l) 
SS (mg/l 
S04 (mg/l) 
Na (mgtl) 
K (rug/I) 
Mg (mg/l) 
CI (mg/I) 
Ca (mg/l) 
C03 (rug/I) 
HCO] (mg/l) 
Condo (~rohos/cm) 
Total Hardness 
Sunnyside Lower· 
(Chained) 
Sept, 8, 1980 
1,320 
54 
2 
3 
3 
4 
36 
67 
104 
Sunnyside Upper 
(Unchained) 
April 13, 1979 
6,892 
4 
4,091 
276 
12 
666 
51 
491 
o 
159 
6,060 
4,000 
_(mg/l ___ a __ s~ __ -,,-________________ . ____ _ 
Other Possible Effects 
Although the type of vegetation in a 
bas in is not a factor in determi ni ng sa-
linity, it is a good indicator of potential 
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salinity problems. For those subwatersheds 
in which pinyon-juniper is the predominant 
vegetation, salinity levels in the surface 
runoff was relatively low because pinyon-
juniper type vegetation does not grow 
in highly saline soils. For example, Sunny-
side Upper and Main Wash subwatersheds 
include pinyon-juniper as the predominant 
vegetation. During storm flows the highest 
recorded values for conductivity were 
1,140-~mhos/cm at the Sunnyside Upper station 
and 465 ~mhos/cm at Main Wash station. These 
val u e s are well b e low the con d u c t i v i tie s 
recorded for the runoff in the other inter-
mittent channels included in this study. 
Another parameter which does not seem to 
be a factor in determining salinity is slope. 
In fact, the slope of a watershed seems to 
have very little effect on flow, SS, or TDS. 
However, differences in land treatment, 
vegetation, and size of the subwatersheds 
make analysis of the effects of watershed 
slope very difficult, particularly when data 
are sparse. There is a suggestion of some 
positive correlation between runoff depth and 
slope (a seemingly logical relationship), but 
much more data are necessary to substantiate 
this apparent trend. 
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Figure 4.24. Graph of maximum TDS value versus percentage of highly saline soil to area 
ratio for storm events. 
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CHAPTER V 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Instrumentation 
The sediment sam~. The ISCO 1680 
sequential sampler proved to be a fairly 
reliable sampler which,did a very capable job 
with high sediment loads. The problem areas 
in sampling were outside the sampler itself. 
The installation of the unit in a 55 gallon 
drum was found to be somewhat awkward for 
fitting the intake hose smoothly around the 
sampler to provide gentle and fairly uniform 
slopes for suction and freedom from kinks and 
bends. 
The sampler intake was obstructed by 
channel sediment at the Wattis site for about 
one-half of the runoff events, never at Coal 
Creek, never at Soldier, about half of the 
time at Ma in, and about one-quarter of the 
time at Grassy Trail. The sampler intake at 
Upper Sunnyside usually was covered by 
sediment bed loads carried by storm runoff at 
that site. 
It is recommended that the inlet and 
strainer for the ISCU sampler be placed in 
the leading edge of the cutthroat flume with 
the top of the strainer at 0.5 feet above the 
floor of the flume. This modification would 
change the starting flow height downward and 
increase the number of storm events for which 
data were collected by about 20 to 40 per-
cent. It also is recommended that the 
strainer be of metal so that continual 
cleaning does not enlarge the diameter 
of the openings. 
During the first year of the study, 
porcupines gnawed through the sampler intake 
tubes and the mercury switch wires at two of 
the sites. However, this problem did not 
reoccur. It seems that after sufficient 
wea theri ng of the sampler hose, it becomes 
less attractive to porcupines. Where exposed, 
the switch wires were protected by PVC 
tubing. 
Extreme care must be used in replacing 
the sampler housing in the barrel to ensure 
that the housing is not resting on the intake 
hose. The increasing weight during the 
sampling operation could conceivably cause 
this hose to collapse. No serious problems 
occurred with the 12 volt wet cell batteries 
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used to power the recording equipment. 
However, spare batteries and a continual 
record of the charge level for each battery 
were maintained during the study. 
Water l~yel r:~<:;~rders 
The Stevens water level recorder with 
the "watch-dog" starting mechanism was 
somewhat of a problem. I t was necessary to 
notch the arm that engages the pin so that 
vibration from the wind or other causes would 
not start the sampler inadvertently. It also 
was necessary to clean the clocks yearly, and 
even then a spider built a thick web inside 
one of the clocks. Operating the clocks 
for a period of from 4 to 6 hours or longer 
when they were first installed seemed to 
improve their initial starting performance. 
It was found that two spare clocks are 
desirable. During the third year of the 
project, a problem with the chart ink drying 
in the pen was encountered. This problem was 
solved by replacing the ink reservoir 
and thoroughly cleaning the pens. It is 
recommended that this procedure be performed 
twice each year. Some creeping of the chart 
paper also was encountered. This problem was 
solved by using rubber cement to hold the 
paper tight on the drum. 
The stilli well for the water level 
recorder is bu i wi th a 6- inch pump in the 
bottom to act as a sediment trap. This space 
should be cleaned after every flow event, 
even if the flow were too low to trigger the 
unit. Cleaning is accomplished by removing 
the float and plugging the stream inlets. 
The well then is filled from a 55 gallon 
drum, and the stream inlet plugs are removed, 
thus flushing the well and intake lines. A 
high pressure nozzle also was used to further 
clean the 6-inch trap. After one winter 
season it took five 55 gallon barrels of 
water to completely clean the system at the 
Wattis site. After cleaning operations were 
complete, the float was replaced and the 
"watch-dog" mechanism reset. Some reduction 
in sediment intake to the stilling well might 
be accomplished by raising the level of the 
intake installed in the control flume a short 
distance above the bottom of the flume. 
The pressure transducers used for 
obtaining water level data at the Soldier 
Creek culvert site and at the Grassy Trail 
natural control section proved to have 
vnsiderably more operational difficulties 
than the stilling well and float used at the 
other sites. Near the end of the project, 
four-way nozzles were installed at each of 
the two locations, with pressure being 
~Llpplied from a 55-gallon drum. This modi-
f lcat ion improved the performance of the 
transducers, but further improvement is 
needed. During flow events, rocks and 
loulders have knocked the transducer intake 
out of the Soldier Creek culvert, and have 
rip p edt h e G r ass y T r ail in t a kef r om the 
streambed. 
The control sections 
For each flow event, heavy silting 
occurred at the Upper Sunnyside site, causing 
plugging of the intakes to both the sediment 
sampler and the water level recorder. If 
th is site is to be continued, the existing 
triangular weir control section should be 
replaced with a cutthroat .flume. Even though 
several large flows occurred at this site, no 
flows of any consequence were recorded 
at the Lower Sunnyside site. During the 
first year of the study, it was necessary to 
place a plastic sheet beneath the streambed 
upstream from the triangular weir at both the 
Sunnyside Upper and Lower sites to prevent 
t lows from eroding under the weirs. Similar 
precautions were necessary at the Wattis 
site. 
From the s tan d poi n t 0 f bot her 0 s ion 
-:ontrol and sediment deposition at the site 
(and therefore plugging of the intakes and 
maintaining consistent flow characteristics) 
the cutthroat flume proved to be much more 
sat isfactory than the triangular weir. The 
triangular weirs were installed initially 
because of their high degree of sensitivity 
to low flows. However, for the flow regime 
expected at the sites monitored in this 
study, the cutthroat flume is less costly to 
install and operate than a Parshall flume or 
any other possible measuring device. It, 
rherefore, is recommended that the cutthroat 
'lume be used as the control section at the 
si.tes which might be continued under an 
extension of the study. 
The rl!:i:n gages 
No problems were encountered with either 
the ecording or the non-recording wedge type 
gages. An estimate of the average annual 
ra in fa 11 was computed a teach subwa tershed 
'see Table 5.1). A greater density of the. 
recording gages than was used would increase 
confidence in the estimates of the rainfall 
rat e s for e a c h 0 f the s u bw ate r she d s . I n 
particular, a recording gage near the Wattis 
site would be desirable because the Hiawatha 
gage frequently is not serviced on weekends 
and holidays. 
The s~l!Ay 
The 
Soldier, 
areas 
channel sites at Wattis, Coal, 
Main Wash, and Grassy Trail seem 
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Table 5.1. Estimates of the average annual 
rainfall us ing comparisons with 
the mean annual Price-Warehouse 
rainfall from 48 years of record 
and the rainfall data from the 
study. 
Estimated Av-
Gage Gage 1979 Rainfall erage Annual 
Location TYQe ~inches2 Rainfall (in.) 
Coal .upper Recording 9.21 12.93 
Soldier Upper Recording 8.12 11.40 
Sunnyside 9.10 12.78 
Coal Upper Wedge 11.32 15.90 
Coal Lower Wedge 10.89 15.29 
Soldier Upper Wedge 8.18 11.49 
Soldier Lower Wedge 7.90 11.09 
Sunnyside Wedge 10.00 14.04 
Lower 
Wattis Upper Wedge 9.28 13.03 
Wattis Lower Wedge 8.54 11.99 
Main Upper Wedge 8.25 11.59 
Main Lower Wedge 8.34 11. 71 
Icelander Wedge 8.31 11.67 
Grassy Trail Wedge 7.82 10.98 
(Highway 50) 
Grassy Upper Wedge 8.93 12.54 
Price Recording 6.95 9.76* 
to be satisfactory from the standpoint of 
channel characteristics and control per-
manence. ~o storm flows occurred in the Main 
Wash during 1978 and 1979, but there were two 
runoff events in 1980. The Watt is site 
requires constant maintenance due to the 
southside shift of the channel flow and the 
heavy silt load during high runoff events. 
However, the control now has been well 
stabilized and erosion and sediment deposi-
tion at the site are no longer a problem. 
The site does require some maintenance during 
the winter months .. It is recommended that if 
the study is continued, the two Sunnyside 
sites be abandoned, and that the Coal Creek 
subwatershed be monitored at some other 
location. 
The spring runoff peaks at the Soldier 
Creek site during the last week of March, at 
Wattis in late April, at Heiner in mid-May, 
and at Grassy Trail in the last week of May. 
It is suggested that some data on spring 
runoff characteristics be included in the 
study and that sampling be initiated on the 
above streams on or before the peak flow 
dates. It is further recommended that all 
sites be operating by the 15th of May each 
year. Due to possible equipment losses 
during hunting season, it is suggested that 
samplers and water level recorders be removed 
prior to this period in the fall. 
If the study were to be extended for a 
long period, consideration should be given to 
building walk-in instrument shelters at the 
selected streamflow monitoring sites. These 
shelters would enable the equipment to be 
left in the field at all times and would al-
low for year-round operation of the project. 
Continuous operation of the project would 
provide a complete picture, in a temporal 
sense, of salt yields from those area~ 
included in the study. 
Observed trends 
The data were examined carefully to 
identify any trends which might appear. On 
the basis of preliminary analyses some trends 
were identified. I t is emphas ized that the 
data resulting from this study are only for a 
short term, and clear trends thus are dif-
ficult to identify. However, the following 
trends which seem to exist will provide 
useful guidelines for establishing procedures 
and areas of emphasis which might be followed 
under a continuation of the work. 
1. There is some evidence that the 
storm water yield from a study watershed is 
highest during the early summer and decreases 
over time during the summer. The data are 
very limited and more recording rain gages 
would be helpful in .identifying the pre-
cipitation that is associated with the storm 
runoff for a particular watershed. 
2. During a storm runoff, the suspended 
sediment load (SS) varies from approximately 
10 times the TDS for Wattis to approximately 
100 times the TDS for Coal Creek. 
3. There seems to be little correlation 
between TDS and flow rate within any parti-
cular subwatershed. However, some tendency 
is noted for generally higher SS levels to be 
associated with generally higher TDS values 
but not within the same storm. Conversely, 
Ponce (1975) and White (1977) found a strong 
relationship between TDS and SS. 
4. There is little correlation between 
high SS and high flows in the Price River at 
Heiner. Winter flows are poorer quality 
(1000 mg/l) than summer flows, likely because 
the former are baseflows from groundwater 
sou rces. 
5.' Salt yielding conditions (such as 
,-fflorescence) enhance with time between 
runoff producing events. The occurrence of 
an event will flush the system and this 
effect is manifest in increased levels of 
chemical constituents in the runoff. A 
subsequent runoff event (or events) within a 
short period is not influenced by this 
cleansing or flushing phenomenon. 
6. Generally, for summer storms of 
ephemeral and intermittent flow watersheds, 
the highest sediment loads are associated 
with the highest flows. 
In general, for flows not associated 
with a storm event, water quality in the 
intermittent streams decreases with time 
during the summer months. 
8. For the intermittent streams of this 
study, the highest SS values are associated 
with the early spring flows. Freezing and 
thawing cycles during the winter months tend 
to break down the s t ruc ture a t the soi 1 
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surface so that a layer of light pulverized 
material exists on the surface in the early 
spring. 
9. Generally, runoff from the Soldier 
Creek subwatershed displayed the highest 
salini ty levels, followed by the Watt is and 
Grassy Trail subwatersheds. There is in-
sufficient data to suggest a sequential 
salinity ranking of the remaining inter-
mittent streams included in the study. 
10. I n genera 1, runof f from the Coal 
Creek subwatershed was of relatively good 
quality for an intermittent stream within the 
Price River basin. Its water is suitable for 
irrigation. However, the sulfate content and 
the TDS levels are too high for suitable 
drink ing water. The water is also very hard 
and the HC03 content is high on occasion. 
Five runoff producing storm events occurred 
on the Coal Creek subwatershed during the 
study. 
. 11. In general, runoff from the Soldier 
Creek subwatershed is of very poor quality. 
In most instances, high TDS levels make 
the water unsuitable for irrigation and 
livestock use, and the sulfate content is 
greater than the mildly toxic level. It also 
is very hard. Four runoff producing storm 
events occurred on this subwatershed during 
the study. 
12. The Wattis Creek subwatershed yields 
very poor quality water. In most instances, 
high TDS levels make the water unsuitable 
for irrigation and livestock use, the chlo-
ride content exceeds drinking water stan-
dards, and the sulfate content is greater 
than the mildly toxic level. The water also 
is very hard. Four runoff producing storm 
events occurred on the Wattis subwatershed 
during the study. 
13. Grassy Trail subwatershed yields a 
poor quality water. At some times high TDS 
levels make the water unsuitable for irriga-
tion and livestock watering. Bicarbonate and 
chloride levels are high on occasion. The 
sulfate content usually is greater than the 
mi Idly toxic level. The water is very hard. 
Four runof f produc ing storm events occurred 
on the Grassy Trail subwatershed during the 
study. 
14. The Main Creek subwatershed yields 
very good quality water although there is a 
lack of data from this area. The water, 
while hard, meets most drinking water stan-
dards. Two runoff producing storm events 
occurred on this subwatershed during the 
study (summer of 1980). 
15. The Sunnyside Upper subwatershed 
yields water of intermediate quality, but 
there is a lack of data at this site. 
The water is unsuitable for irrigation on 
occasion. Also the sulfate levels are higher 
than permitted for drinking water. The water 
is very hard. One runoff producing storm 
event occurred on this subwatershed during 
the study. 
16. The Sunnyside Lower subwatershed 
apparently yields good quality water, but 
there are very few data to substantiate this 
observation. The single sample obtained 
silggested that the water is satisfactory for 
irrigation but that the TDS level likely is 
too high for drinking water. The water is 
moderately hard. No storm runoff events 
occurred on this subwatershed during the 
study. 
17. Waters with sodium as the predomi-
nant cation have high salinity levels while 
waters with calcium or magnesium as the 
;:>redominant cation have low salinity levels. 
l~. There seems to be no correlation 
between the predominant anion and salinity, 
although sulfate is generally the predominant 
anion when sodium is the predominant cation. 
19. Sodium seems to be the 
cation in the surface runoff 
subwatersheds having relatively 
of sa line soils (Tables 4.12 
predominant 
from those 
large areas 
and 4.13). 
20. Slope seems to have very little 
effect on flow, SS, or TDS. As might be 
expected, there is some correlation between 
runoff depth and slope, but more data are 
needed to substantiate this apparently 
logical trend. 
21. The ratio of the area of saline soil 
wi thin a subwatershed to the total area of 
the subwatershed has a direct effect on 
salinity levels in the surface runoff, and 
seems to be the most important single factor 
in determining the chemical quality of the 
runoff. 
22. The effects of contour furrowing are 
inconclusive because of the sparsity of both 
before and after treatment data. The Coal 
Creek subwatershed was contour furrowed some 
years ago and a good cover of crested wheat-
grass was established. However, this sub-
watershed contains no saline soils, and on 
the basis of this fact, and also considering 
the crested wheatgrass cover, the chemical 
and SS quality of surface runoff from the 
Coal Creek subwatershed would be expected to 
be better than the quality of surface runoff 
from, for example, the Soldier Creek sub-
watershed with its native vegetation and 
relatively large area of saline soils. 
23. The effects of chaining on the 
chemical quality of surface runoff water are 
difficult to determine due to the lack of' 
data. However, the only data obtained at the 
Sunnyside Lower site (the chained subwater-
shed) suggest that the wate,r quality at this 
'sitE' is good. 
24. Vegetative cover is an important 
indicator or index of the chemical quality of 
the surface runoff which might be' expected 
from a source area. For example, pinyon-
juniper does not grow well on heavy saline 
Mancos Shale derived soils--soils which are 
potential source areas for salt. Rather, 
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pinyon-juniper thrives on the rocky, well 
drained soils which lie at higher elevations 
above the Mancos derived soils. Thus, the 
chemical quality of surface runoff from 
p inyon- juniper covered a reas tends to be 
considerably better than that from the lower 
Mancos Shale derived saline soils. 
The reasons for the observed trends in 
this study are either fairly evident or can 
be hy'pothesized. For example, several 
interesting salinity relationships were 
observed. I n the i ntermi ttent channels 
during periods of non-storm runoff, TDS 
concentrations were observed to be in the 
same range as the SS concentrations. However, 
during storm events, the SS content varied 
from 10 times the TDS content at Wattis to 
approximately 100 times the TDS content at 
the Coal Creek site. One possible explana-
tion for this occurrence is that the sus-
pended material probably includes sediment 
deposited during the recession flows of 
earlier storms and that most of the salts 
have been washed out of these sediments by 
the time they reach the intermittent streams 
observed in this study. That is, the salts 
may have been removed in the micro-channels 
before reaching the study streams. Channel 
erosion, of course, adds considerably to the 
SS concentrations du high flow events. 
As might be expected from the lack of cor-
relation between SS concentrations and 
salinity, a relationship was not found 
between flow rate and salinity. On the 
other hand, SS concentrations and flow rate 
are related. 
Another interesting phenomenon is the 
fact that salinity increases with time over 
the summer months dur non-storm events 
and in the winter months. The increase in 
summe,r salini ty would seem to be the result 
of concentrating effects such as evaporation. 
The flow continues to decrease during the 
summer, while the quantity of salts being 
transported remains approximately the same. 
A possible explanation for the increase in 
salinity during the winter months is the 
inflow of highly saline base flows. That is, 
the primary source of water at that time of 
year is low quality groundwater since it 
has been travers highly saline soils. 
It is also important to note that the 
highest suspended sediment concentrations are 
associated with h spring flows in the 
intermittent streams resulting from snowmelt. 
Frost action during the winter months loosens 
the top surface of the soil so that both 
land surface and channel erosion rates are 
high during the early spring runoff period. 
One area in which the results cannot be 
adequately explained is the yield versus time 
concept. The evidence suggests that water-
shed yield is highest during the first summer 
storm of the season and decreases OVer time 
(Table 5.2). A possible explanation for this 
occurrence is that the soil moisture content 
Table 5.2. Water yield and precipitation data 
for Coal Creek and Soldier Creek 
storm events. 
Name 
Coal A 
Coal C 
Coal D 
Coal E 
Soldier A 
Soldier D 
Date Free. (in.) Yield (%) 
7/18/78 0.41 
8/14/79 0.27 
8/25/80 0.71 
9/9/80 0.46 
8/25/80 0.46 
__ J:Qll_~L~ __ Q·28 
15.9 
14.8 
3.2 
8.6 
26.7 
6.4 
is high in the early summer so that infiltra- , 
tion rates are relatively low and surface 
runoff quantities high. This would allow 
less infiltration and more runoff to occur. 
However, studies by Gifford (1979) indicate 
that the highest infiltration rates of the 
season exist during the period between 
mid-July and mid-August when the first 
summer storms of the year occur. But the 
observations of Table·5.2 seem to indicate 
that the highest water yields do not occur in 
July or August, but at some other time of the 
season. Also, the period of high soil 
moisture content due to snowmelt is past 
before most summer storms begin. Another 
possible explanation of the apparently 
decreasing yield observation is that the 
rain gage network of the study was not 
sufficiently dense to accurately characterize 
the r a i n falL Howe v e r , n e i the r 0 f the s e 
explanations is very satisfactory and addi-
tional research on this observation is 
necessary. Installing recording rain gages 
at all sites would make the water yield data 
more complete. 
Finally, it is important to note that 
the salinity levels in the surface runoff 
appeared to be most closely related to the 
area of saline soil on the watershed (F 
4.24). The Soldier Creek subwatershed with 
the highest ratio of saline soil area to 
subwatershed area, yielded the highest 
salinity levels. The Grassy Trail and Wattis 
subwatersheds also contain significant areas 
of saline soil and runoff salinity levels 
from these drainages also were high. The 
:-rassy Trail basin has the second highest 
saline soil to drainage area ratio (Table 
3.2), but its water quality seems to be 
superior to that of drainage from the Wattis 
basin. This condition exists probably 
because the Grassy Trail basin is relatively 
large and mixes good quality mountain water' 
with poor quality water from the lower areas. 
The Coal Creek subwatershed yields relatively 
good water quality, conSidering that its 
soils are derived primarily from ~lancos 
Shales. However, the subwatershed contains 
no highly saline soils (Table 3.2). The 
remaining subwatersheds of this study yield 
tairly good water quality since they also 
,.-ontain no highly saline soils as verified by 
the predominant pinyon-juniper vegetation. 
Recommendations 
This study, although preliminary in 
nature, has indicated that salinity levels in 
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surface runoff from public lands on the 
valley floor of the Price River basin are 
most closely associated with the extent of 
highly saline soils within the drainage area. 
Even so, the total salt outflow from these 
lands apparently is not large. Other in-
vestigations (Table 2.2) have suggested that 
salt contributions from these lands within 
the Price River basin probably are less than 
10 percent of the total salt outflow at 
Woods ide. Thus, management pract ices on 
these lands to reduce salt pickup likely 
would not significantly affect the salt 
output rate from the basin. However, in the 
event that furtheI: research is indicated 
for application to other areas, the following 
recommendations are submitted: 
1. Research on the effects of land 
treatments and other management practices on 
salt yields should be concentrated on 
subwatersheds which contain significant areas 
of highly saline soil. Further, this research 
should be conducted in as scientific a manner 
as possible, and include control areas, and 
before and after treatment observations. 
2. Because the summer storms are very 
limited both spatially and temporally, each 
subwatershed should be equipped with at least 
one and preferably two recording rain gages. 
3. Extensive soil and vegetative cover 
surveys are needed for all subwatersheds 
included in subsequent projects. The effects 
of these characteristics need to be con-
sidered when results are compared between 
subwatersheds. 
4. Because the capacity of the existing 
cutthroat flume at the Wattis site has been 
exceeded on several occas ions, if observa-
tions at this site are to be continued, a 
flume should be installed. To prevent 
frequent overtopping, the capacity of the 
flume should be between 750 and 800 cfs (see 
Chapter III). 
5. High salinity levels in the inter-
mittent streams during the snowmelt period 
suggest that much of the salt pickup occurs 
not as a result of overland flow but from 
wa ter that percola tes downward through the 
Mancos Shales and then moves more or less 
laterally as interflow to the intermittent 
channels. If th is is indeed the major sa It 
pickup process, surface treatment to increase 
infiltration could, under certain circum-
stances, increase, rather than decrease, salt 
loading. Thus it is important to clearly 
define those hydrologic processes which 
contribute most to salt pickUp. Because of 
the need to examine subsurface flows in a 
study of this nature, it is recommended that 
the following components be included in a 
subsequent project: 
a. pH measurements as part of the 
water quality analyses. 
b. The use of Lithium or other 
traces to establish subsurface flow 
paths. Ion balances also could be 
employed for the same purpose. 
c. Soil moisture measurements on 
each subwatershed. 
d. The use of a soil chemist (in 
addition to a soil scientist, an engi-
neering hydrologist, and a range manage-
ment specialist) as a member of the 
project team. Soil/water chemical 
reactions will help to define the salt 
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pickup mechanism and the implications of 
possible management alternatives. 
e. The collection of runoff data 
(quantity and quality) during at least 
the latter part of the snowmelt season, 
and preferably on a year-round basis. 
All season operation of the project 
likely would necessitate the construc-
tion of walk- in instrument shelters at 
the stream monitoring sites and the 
protection of the stilling wells from 
freezing temperatures. 
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Flows at a staff gage reading of less than 1.0 foot were not 
considered as being direct runoff. 
The section was rated with respect to an arbitrary datum by 
measuring the average bed slope, estimating "nn values from 
bank conditions, and applying the Manning equation. Estimates 
below a staff gage height of 2.0 feet were checked by means 
of a current meter. The following values ofn were used. 
Range of Staff 
Gage Height (ft) 
less than 1. O· 
1 to 2 
2.5 to 3 
3.5 to 4 
4.5 
5.0 
n 
Value 
J 
11 P<~" .1. uf '-I 
_11_111 ___ -<'.., _ _ _.. _, L. •.... _. L...... ...... .._. _ ... -' .................•....... , ,fT ;;:1..,,: '1';:. . 
Z.~ 
2$ 
Z.~ 
~.3 
n 
--~ 1\ 
Q.) 
..., 
"-'" .l,a 
i-
l: 
(!) I.~ 
iLl 
'" 
::c I.a 0'> 
W 
<!) 
<d.: 1.7 (!) 
i.L I,". IJ.. 
>C( 
i- IS (/) 
I.~ 
J.l 
I.t 
1.1 
O.q 
FLOW (efs) 
Figure A-S. Rating curve for the Heiner Station on the Price River. 
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The field data that were collected 
during this project were divided into the 
following four categories: 
1. Hydrologic data taken during runoff 
producing events on a particular watershed. 
2. Water quality data resulting from 
both regular and irregular stream grab 
samples. 
3. Daily precipitation from recording 
rain gages. 
4. Weekly precipitation from non-
recording wedge gages. 
Data collection occurred between March 
1978 and October 1980. Data were collected 
from seven subwatersheds and from the Price 
River at Heiner. Efforts were made to ensure 
that a suitable control section existed at 
each runoff gaging location. Chemical 
analyses of all samples collected were 
performed at the Utah Water Research Labora-
tory. Other measurements, such as water 
temperatures and conductivity, were taken 
at or near the time of sampling. 
All data have been put into computer 
storage. A print-out from this storage is 
shown by Tables B.l through B.4. Tables B.l 
and B.2 include weekly and daily precipita-
tion data, respectively. Weekly precipitation 
was collected at all the following non-
recording wedge gage locations (see Table 
3.3): 
WAUPl 
WAL02 
COUPI 
COL02 
SOUPl 
SOL02 
MAUPl 
MAL02 
SUUPI 
SUL02 
ICELI 
GRTC3 
GR502 
GRUPI 
(Wa tt is Upper) 
(Wattis Control) 
(Coal Upper) 
(Coal Control) 
(Soldier Upper) 
(Soldier Control) 
(Main Upper) 
(Ma in Cont ro1) 
(Sunnyside Upper) 
(Sunnyside Lower) 
(Icelander) (Grassy Trail Control) 
(Grassy Trail Highway 50) 
(Grassy Trail Upper) 
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Daily precipitation data were collected 
at the three recording rain gage sites. 
These gages are located at Coal Upper, 
Soldier Upper, and at Sunnyside Middle (see 
Table 3.3). 
Runoff storm data for particular runoff 
events comprise the data of Table B.3. 
Several types of information are given, 
including the chemical analyses of the 
samples. For example, the column "storm 
name" gives the abbreviation for the sub-
wa tersheds, the samp Ie number, and a let ter 
identifyin~ the particular storm. The column 
"data type I gives a two letter abbreviation, 
SS, for storm sample. The date of the storm 
and the flow (cfs) a Iso are given. The 
column "hydro-limb" ident if ies the sample as 
having been taken during the rising, crest, 
or falling portions of the hydrograph. The 
column Itt ime" gives the elapsed time in 
minutes since the beginning of the storm 
flow. Finally, the column "storm start" 
gives a two letter abbreviation indicating 
the approxima te time of day when the storm 
flow began. For example, LA indicates late 
afternoon, EA indicates early afternoon, EM 
indicates early morning, and MA indicates 
mid-afternoon. The watersheds for which 
storm flow data were collected are indIcated 
in the first column of Table B.3, and include 
Coal Creek (C), Soldier Creek (S), Wattis 
(W), Main Wash (M), Sunnyside Upper (U), and 
Grassy Trail (G). Blanks in the table 
indicate that no data were collected for that 
particular column. 
Table B.4 includes the results of 
grab sample analyses and also flow and 
conductivity measurements made by on-site 
recording equipment. All of the column 
headings in this group are self-explanatory 
except that indicated as "data type." If the 
letters GS appear in the column, then a grab 
sample was taken on that data. However, a 
blank under the column "data type" indicates 
that there was no grab sample taken on 
the data shown, and that data were available 
only from the recording equipment at the 
site. These data were collected at Heiner, 
Grassy Trail, Soldier, Wattis, Sunnyside 
Upper, and Sunnyside Lower. 
J 
Table B-l. Weekly precipitation data. 
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Table B-1. Continued. 
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:.lAL02 062'51980 11('(> 0.00 07011980 2000 0.18 0702:980 1000 TRAC <'7(181980 2100 0.36 WAL02 0709198(' 2145 TRAC 07161900 2130 0.0(> 072::<1980 2115 0.01 07291980 1000 0.01 w~(l2 ()BO~51 -;-8(1 1445 0.00 08121980 ('930 0.00 081919S0 1700 0.05 08261980 1630 0. 13 WAL02 <'9031980 094(' 0.00 09('71980 1700 <'.27 ('9081980 1600 0.59 09091980 1340 0.51 WAL02 09101'<30 ('920 0.73. 09111980 <'925 O. 3.5 09141980 17J.O 0.07 0923198(' 1015 0.00 WAL02 10011980 1800 0.00 10071980 1600 0.00 10131980 1400 0.35 10141980 1210 0.30 I-lAL02 101 :;.1980 lb50 1. 19 10lb1980 112(' 0.04 10201980 1500 0.00 1(1281900 Ib30 0.06 COllPI <'5121978 1409 0.00 0:;,20197E< 1404 0.00 05261978 1040 TRAC 06021978 0912 TRAC 
-..J COllP 1 ObO
r
,..1978 145b O. 15 0617197$ 1420 0.00 06241978 1402 0. 0(' 07021978 1150 0.00 
+' COUP 1 07101'<78 1620 0.00 07161978 18Ct7 0.02 07301978 Ib23 0.00 08071978 1031 0.02 e:OLIPI 08131978 1243 0.14 08201978 1141 O.M 08261978 1618 0.03 08261978 Ibl8 0.03 COllPI <'9031978 1152 0.00 09111978 0945 0.04 09181978 Ib47 0.09 09261978 1057 0.00 COUP I 10041978 Ib41 0.00 10111978 1530 0.00 10181978 1522 0.00 10261978 11>03. O. 20 COUP I 11031978 0955 0.81 11091978 1607 0.00 11161978 Ib12 2.09 1123.1978 1520 0.01 COUPI 11301978 1=,55 0.54 12071978 1618 0.11 12141978 1522 0.00 12221978 1140 0.95 COUP 1 12291978 1013 TRAC 01041979 1610 TRAC 01121979 1550 0.53 01181979 ESTI 0.79 
celUPI 01261979 ESTI O. 11 02011979 ESTI 0.18 02081979 ESTI 0.05 02151979 EST! O.Ob COUPI 02221979 ESTI 0.79 03011979 ESTI 0.10 03091979 1005 2.21 03161979 1100 0.03. COUP I 03231979 1025 0.59 (':<291979 1100 1.80 04061979 1028 0.28 04121979 lbl0 0.09 COUP 1 04181979 1005 0.00 04271979 0939 TRAC 05031979 1630 0.44 05091979 1247 O. 3.1 COUP I 0511:<1979 1018 0.00 05251979 0928 0.09 05311979 1114 TRAC Ob081979 0930 0.00 COUP 1 06151979 0933 TRAC 06221979 1047 0.00 06291979 1015 0.00 07051979 15:50 0.15 COUP I 07131979 1:<30 0.00 07191979 1237 TRllle 07261979 1022 0.06 08011979 1113 0.00 COUPI <'8091979 1025 0.05 08161979 143.5 1.12 08241979 0912 0.22 08301979 1700 0.00 COUPI 09('61979 :555 TRAC 09141979 1022 TRAC 09211979 0941 TRAC 09281979 1020 0.04 COUP 1 10051979 0930 0.00 10121979 1010 0.00 10191979 0933 0.04 10261979 0730 0.21 COUP 1 11021979 1435 0.14 11081.79 1615 0.('0 11151979 IM5 0.00 11221979 1620 0.10 COUP 1 11291979 1:545 0.27 120b1979 1555 0.00 12131979 1608 TRAC 12201979 1584 O. 0(1 COUP 1 12271979 154b 0.4b 01031980 1622 0.01 01111980 0950 0.90 01171980 lb25 0.62 COUP 1 01241980 1152 0.54 013.1198(' 1710 0.78 02081980 1530 0.02 02141980 1655 O.es COUP I ('2211980 1625 2.69 02281980 1:518 0.17 030f:;1980 1:515 0.48 03131980 1510 0.b7 COUP 1 03201980 1438 0.00 03271980 1525 0.25 04031980 1025 0.01 04101980 1050 TRAC COUP 1 04171980 104:5 0.00 04241980 1015 0.45 05021900 1246 0.25 05081980 1430 0.2b COUP I 05151980 1135 0.68 05231900 1207 0.05 05301980 1225 0.50 060£.1980 1127 TRAC 
e:(tUPI Ob111980 1345 0.0(1 06241900 (1830 0.00 06271900 1100 0.00 0703191'.'0 1715 0.47 COUP 1 07101980 1552 0.02 07181980 1110 0.01 07251980 1005 0.01 07311980 1013 O. 12 C(XJPl 08071960 0~7 TRAC 08141900 1025 TRAG 08211980 0945 0.22 08271900 1347 O.SO COUP 1 09041980 0944 0.00 09101980 174b 2.28 09191980 1010 0.17 09251980 1015 0.00 
J 
SliE (;(ILLEST PREC COLLECT PREC COLLE(;T PRE( [:CILLECT PREC 
NAME DATE TlME ( IN) [lATE Tlr1E (JN~ [lATE TIME ! INI [lATE TIME <IN) 
COUP 1 10021<;'80 1(>57 0.(10 1010198(' (lC:5~, 0.(10 ] 015198(' 145~. 2.13 10221980 0905 O. 12 COUP] 10291980 1 :{O~. 0.01 
COL 02 08261978 1700 0.(>(1 (r·;>(r:EH ';;'78 1~45 0.00 ('9111978 102(1 0.02 091"'1978 1730 0.06-CilL02 09261978 1130 (1.00 1 ('.(;41 ';'7:? 180(1 0.(10 10111978 Ib(l~, 0, 0(' 10181978 1555 0.0(1 
COL02 1(>21:-1978 163":' 0.19 : \ I;~ 1 o;7€; 10:-«: G. bE< II e><;'1 97& 1630 O. 0(' 11161978 1640 2. 1::< 
COL02 11231978 : ::.::.(1 (·.01 ! : :::(Il":; 7:::' 1":;:,,, C.5':· 12{J71978 1700 0.07 12141978 15:'5(1 0.00 
COL02 12221978 1100 0.66 1 ~2''='1 S''78 l(~~.(~ TRA: (Il (l4197~' ] 0-5(. TRAC 01121979 164(1 0.50 
COL02 01181979 EST! 0.74 <Il ~',,:.! 97-:' E",Tl (,. 1 (> (12011979 EST! O. 17 02081979 EST! O. (>4 
COL02 02151 '7'79 ESTJ 0.05 t":'':.:::: ~'7<; EST] t. 7~. (' ?-(11 197Q> E.STl 0.09 (>3(></1979 1120 2.06 
COL02 03161979 1(1(>5 0.02 (,: • ..::::.~ .~. 7-;> '~~Y5~· ('.54 (::-f2919"!9 1215 1.78 (1400-1979 1 CI(>O (1.26 COL 02 04121979 1650 (1,,07 (' . ..::. :~:;, ';'79 1 1 1 (I O. (l(; < .• 427197<- (r;·~·5 TRAC 0:·(>31979 1 ~·1 ~I (1.35 COLO:;> (:",·0<;'1979 1:-<15 (1.32 C5181y"Tt;t lU5(t 0. e.( (~':'.2~·197-;· 1000 0.08 0:.311979 1145 O~O2 
COL02 (>6081"179 1(>(>(1 0.00 (~c·: e'l S·"7<:;· 1 (,e.c l'F.;A~. 062'::: s"!< 112~' (,. (1(. (>1:-291979 105(; O. (le> 
COL02 07051979 10-25 o. 21 «("131 r:;7~ :33(1 0.0(1 (171<;11979 1300 TRAC 07241979 i.~fO(l (:. OE< 
COL02 07261979 1100 TRAC 08(>1197~' 1 j 4~· iRA~: (1807197<:;' 12:«; o. (>(1 08(>8197<;' 1135 O. 14 COL02 08091979 1050 0. 00 08101-;-79 le·20 1. (14 ,)8211979 11!:.5 0.15 (>:3241979 0930 O. (I() COL02 ('8301979 172~· 0.00 (>9(161979 le.20 TRAC 09141979 1(>5(> 0.01 OS'211979 1 100 (1.02 
COL02 (>9281979 1055 O. 12 1(JO~·19?9 1(>(10 (1.0(1 10::'2'1979 1040 0.00 10191979 103(> 0.04 
COL02 10261979 0800 0.21 11021979 1510 O. 12 11081979 1/:>40 O. 0(' 11151979 1705 O. (>e> COL02 11221979 10.40 0.08 1 J2n979 1525 0.26 1206197<;> 1::.4e· 0. (>0 12131979 1535 lRAC 
COL02 12201979 16('5 0.00 12271979 1615 0.47 (11(131980 1650 O. 01 01111980 1(>15 0.84 CC>L02 ('1171980 1705 0.61 01241980 1240 0.6-1 01811980 17::.0 0.85 0208198(J 1625 0.03 
-....J COL02 02141980 1735 0.92 02211980 1545 2~60 02281980 155(. 0 .. 21 0:<(>61980 1545 0.50 Ln COL02 ('3131980 155(> 0.6::< 0:<20198(, 1 ~.oo 0.00 03271980 1~.55 0.24 04031980 1100 0.01 
COL02 04101980 1120 TRAC 04171980 1115 0.00 0424198(> U045 0.46 05021980 1315 0.21 COL 02 ('507198(> 1240 0 .. 20 0508198(l 1455 o~ (J2 (>51519':<0 1620 0.47 0510-1980 1400 TRAC COL02 0523198(> 1235 0.03 O'5:<O!980 1300 0. 17 06061980 1150 TRAC 06111980 1415 0.00 (:01..02 06241980 09('5 0.00 0.(:.271980 1145 0.00 070::::-: 19BO 1735 0.37 07101980 1730 0.07 (:C>L02 (>718198(' 113::. 0.01 072'51930 104(> {>.01 (>731198(> 1150 0.07 08011980 1::<15 0.02 COL02 08('71980 1120 0.0(> 08141980 1130 TRAC ('8181980 1745 0.31 08211980 1030 0.00 COL02 (>8271980 102(' 0.73 0';0(141980 1(150 0.00 ';1';>071980 1810 0.40 09081980 1440 0.23 COL02 091(>1980 181<' 1. 58 0'>151980 101::· (>.13 09221980 101~t 0.00 10021980 H>1(> 0.00 COL02 10101980 1(>00 (>. 00 101:51980 1530 1. 71 10221980 0940 0.11 10291980 1420 TRAG SOUP 1 05121978 1258 0.00 05201978 1 ")-~r" 0.0(,' 05261978 1130 0.05 06021978 1015 0.0<' L_, SOUP 1 0600-1978 1119 0.17 00-(>91978 1408 0.00 06171<;>78 1225 0.00 06241978 1::<05 0.0<' SOUPI 07011978 1605 TRAG 07091978 1621:< 0.00 07161978 1307 TRAC 07231978 1308 1. 12 SOUP 1 (>7301978 1505 0.00 08071978 0943 0.02 08141978 1025 0.15 08211978 1:<47 TR~C SOUP 1 08281~78 0946 0.01 (18281978 0946 0.01 09041978 1615 0. oe> 09111978 1117 (l.02 SOUP 1 09191978 1640 0.07 0927:978 10-22 0.00 10041978 1500 0.0(> ! 0111978 1438 0.00 SOUP 1 10181978 1215 0.00 10261978 1443 0.16 11031978 1122 0.e2 11091978 16~l5 0.00 SOUPI 11161978 17('5 2.05 11231971:< 10-32 TRAC 11301978 1419 (1.45 12081978 1402 0.12 SOUP 1 12141978 lb19 0.00 12221978 1302 0.83 12281978 1610 0.00 01051978 0950 TRAC 
SOUP 1 01121979 1200 0 .. 5(1 01191978 1010 0.71 01261978 110::, 0.09 02011979 1225 0.17 SOUPI 02081979 1558 0.05 02151979 1558 0.06 02221979 lb03 0.76 03011979 1555 O. 11 SOUPl 00081979 16-18 0.11 
SOUP 1 03151979 1705 0.01 03221979 ! ::.50 0.46 03291979 1411 1.58 04051979 1535 0.30 SOUP 1 04121979 1720 Q.2:.( (>4191979 10-52 TRAC 04271979 1025 TRAC 05(131979 11.:-42 0.3C> 
SOUPI 05101979 1020 0.28 05181979 1122 TRAG 05241979 1045 0.04 O~,3! 1979 1410 0.40 
SOUP 1 Oo-(l81~79 10~.o 0.00 06151979 1034 0.00 Ob221979 0940 O. (le> 06291979 0910 0.00 SOUP 1 07051979 1700 0.12 07131979 1235 0.00 0719197';>' 1107 TR~C (17251979 0980 0.12 SOUP 1 08011979 1344 0.00 08091979 1117 0.00 08171979 1(>23 0.67 08221979 1707 O. 16 
.I 
~'lTE COLLECT f'REC COLLECT PREC COLLECT PREC' COLLECT PREC. 
NAME DATE TIME (IN) ['ATE TIME (IN) [lATE TIME lIN) NHE TIME ( IN) 
SOUP I 08301979 1550 0.00 090b1979 1649 0.00 09131979 1648 0.02 09201979 1630 TRAC 
SOUP I 09271979 1703 0.00 10041979 1702 0.00 10111979 1701 0.00 10181979 1632 0.03 
SOUP I 10261979 1435 O. 14 11011979 1734 0.00 11081979 1710 ('.00 11151979 1740 0.00 
SOllPI 11221979 1705 0.04 112.91979 1640 0.19 12061979 1645 0.00 12131979 165(' TRAC 
SOUPI 12201979 1637 0.00 12271979 1648 0.53 01031980 1726 0.01 01101990 1640 0.63 
SOllPI 01181980 (1850 I. OS 01241980 1550 0.05 02011980 0920 (l.82 02071980 1510 0.0:: 
SOUPI (l2151980 0925 (1 .. 92 02221980 0920 2.47 02281980 1715. 0.22 0306198(' 1650 0.42 
S('UPI 03131980 16::t$ 0.72 (,3201980 1553 O. ('0 ('327198(' 1627 0.26 (.4031980 1125 0.04 
SOUP 1 (14101980 1140 0.01 04171980 0910 0.01 04241980 0855 0.40 05011980 1635 0.40 
SOUP 1 O!:.OS19S0 1525 0.19 05151980 1455 0.35 05231980 1050 0.05 ('5:<01980 1132 0 .. 15 
SOUPI (16(161980 135(' TRAC (l6131980 ('859 0.00 (16181980 1015 0.00 06261980 1455 0.00 
SOLlPI (:7031980 1415 0.4(' (>7111930 0815 0.05 07171980 161(' TRAC 07241980 1620 (I. 01 
SOUPl (.7301980 1120 0.06 08061980 0930 0.0;:1 08131980 0932 0.00 08201980 0940 0.34 
SOUP 1 08281'980 (,93'5 1.00 09(14198(1 1128 0.00 09111980 1140 2 .. 1':, 09181980 1745 0.20 
SOUPl 092~198(l 1835 0.00 :0(>31980 1036 0.00 10091980 1014 0.00 1(1151980 1210 1.08 
50llPI 1Cl221980 1505 0.09 10291980 1000 0.01 
SOL02 08281978 1000 0.00 09041978 1645 0.00 09071978 1500 TRAC 09111978 1135 0.01 
SOL02 09191978 1630 0.06 ('9231978 1430 0.00 09271978 16-45 0.00 10041978 1600 O. 00 
&lL02 10111978 1320 0.00 10181978 1245 0.00 102b1978 1515 O. 15 11031978 1145 0.71 
SOL02 11091978 1720 0.00 11161978 1800 1.93 11231978 1655 TRAC 11301978 1445 0.44 
801..02 12081978 143(' 0.12 12141978 1650 0.00 12221978 1300 O.bS 1228197S 1650 0.0<' 
'-J SOL02 01051979 1020 TRAC 01121979 1242 0.58 01191979 1135 0.80 01261979 1155 ('.06 
0'\ SOL02 02011979 1320 O. IS 02081979 1645 0.06 02151979 1640 O.Ob 02221979 1650 0.7<:-
SOL02 03011979 1640 O. 10 03081979 1715 0.08 03151979 1745 0.01 03221979 1620 0.48 
SOI..02 03291979 1458 1.48 (14('51979 1545 0.28 04121979 1740 0.21 04191979 173(' TRAC 
&lL02 04271979 1050 0.01 05031979 1700 0.30 05101979 1045 0.30 05181979 1145 TRAC 
SOL02 05241979 1100 0.04 05311979 1432 0.40 06041979 1400 0.00 06-131979 1200 0.00 
SOL02 06191979 1330 ('.00 06291979 0930 0.00 07051979 1720 0.12 07131979 1250 0.00 
SOL02 67191979 1125 TRAC 07251979 1100 0.14 08011979 1410 TRAC 08071979 1250 0.00 
501..02 (''8081979 1155 0.00 ('8091979 1145 0.00 08151979 0950 0.::·9 08171979 1050 0.01 
SOL02 08221979 1740 0.00 (,8281979 (1930 0.00 08301979 143(' 0.00 09051979 1700 0.00 
SOL02 09131979 1715 0.02 09201979 16~ TRAC 09271979 17:<5 0.00 10041979 1800 0.0(· 
SOL02 10111979 1720 0.00 10181979 1618 0.03 13261979 1500 0.12 11011979 1750 0.00 
801..02 11081979 1735 0.00 11151979 1800 0.00 11221979 1755 0.03 11291979 1700 O. 17 
SOL02 1206-1979 1705 0.00 12131979 1715 TRAC 12201979 1710 0.00 .12271979 1740 0.31 
SCOL02 01031980 1755 0.01 01101980 1710 0.58 01181980 0805 0.94 01241980 1630 0.03 
&lLC'2 02011980 1000 0.76 02071900 1545 0.02 02151980 0855 0.90 02221980 0840 2.45 
80L02 02281980 1745 0.23 03061980 1730 0.41 03131980 1700 0.55 03201990 1610 0.00 
801..02 03271980 1655 0.21 04031980 1155 0.03 04101930 1200 TRAC 04171980 10(>0 TRAC 
SOL02 04241980 0930 0.37 05011980 1705 0.50 0~081980 1550 0.21 05151980 1540 0.28 
SOL02 05231980 1120 0.05 05301980 1030 0.14 06061980 1420 TRAC 06131980 1000 O. 0(, 
SOL02 06181980 1415 0.00, 06261980 1~25 0.00 07031980 1530 ('.29 07111980 OS3~ 0.10 
SOL02 07171980 1655 TRAC 07241980 1650 TRAC 07291980 1510 TRAC 07301980 (·<;120 0.15 
801..02 03011980 1240 0.04 ('3061980 1100 TRAC 08131980 1130 0.00 08201980 1035 0.4(1 
SOL02 08281<;180 1000 1. 18 09041980 1200 0.00 09071980 1845 0.37 09111980 120b 1.71:> 
SOL02 09151980 1400 0.16 09251980 1<;100 0.00 10091980 1045 0.00 10141980 1450 O.~ 
SOL02 10151980 1300 0.57 10221980 1630 0.07 10291980 0940 0.01 
I1AUPI 05131978 lOIS 0.00 05201978 1005 TRAC 05261978 1420 0.05 06021978 1255 0.00 
MAUPI 06081978 IbiS 0.09 06151978 1230 TRAC 06231978 1105 0.00 07011978 1245 0.01 
I1AUPI 07091978 1420 0.00 07141978 ('945 0.01 07231978 0945 0.05 07301978 0945 lRAC 
I'1AUPI 08021978 1200 0.00 08121978 1300 0.02 08131978 1705 0.14 08211978 1':545 0.02 
Table B-1. Continued. 
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SITE COLLECT PREC COLLECT Pf<EC l:OLlECl PREC COLLEe' PREC NAME DATE TIME (IN) [lATE TIME (IN) [lATE TIME ( IN) DATE 11ME j IN) 
HAUPI C1t:l271978 1200 TRAC 08271978 1200 1 RAt. (lY041'ne lZl~· 0.00 09111978 1435 0.02 MAllP1 0';'191978 1245 0.16 <'*7t271978 1210 TRAC 1'.>051978 1300 0.00 10121978 1155 O. 0(1 MAUPI 10191978 1300 0.00 10271978 1245 0.58 II (141978 1005 0.75 11101978 1245 0.03 !'14UPI 11171978 1215 1.8.6 11241978 1210 0.00 l!30197B 1045 0.48 I 2t>81 97B 1130 0.3(1 MAUPI 12151978 110::- 0.00 12221978 1815 0.67 1 229! caE- 1710 TR"AC (: I 0::'197<;' 1340 TflAC: MAltPI ell 131979 1250 (1.35 01191979 1550 (1.59 (11261979 1 ~':{O (1.1(1 02(121~7r..; 1:<3(> O. 1(;. MAUPI (12091979 1145 ( •• 03 02161979 1125 0.00 ('2231979 1400 1. 02 (l~<(l21 97~' 1245 0.35 MALIPI (1::<(I~'1979 1600 0.09 (13161979 1630 0.01 ~'3221979 1750 0.40 0:,301979 114::. 1.60 MALIPI <'4(':51979 1710 0.66 ('4131979 1130 0.31 ('4201979 lZO~. o. ('2 (.4261979 0920 0.00 MAllPl 0~·03197';' 1910 0.44 05101979 1455 0.29 05171979 1710 0.02 (f'5231979 1315 lRAC MGUPI (16(111979 1135 0.33 0t-061979 1320 TI'lAC 06131979 1345 0.01 Ot-191979 1 ::·2(1 0.00 MALlPI 06281979 132"0 0.0(> Ct70c·1979 1120 0.04 07121979 1135 0, (.0 07191979 14~iO 0.01 MALIPI 07241979 1735 TRAC 072b197"< 125(· 0.03 (>9011979 1630 0.00 08071979 1645 O. (1(' MALIPI ()8081979 1435 (1.00 08091979 11>00 0.00 08141979 1730 0.08 OEll51979 1530 0.17 MAUPI (>8221979 H'4(1 0.26 (18241979 1630 0.00 (18281979 114::, 0.00 09051979 12(1(. 0.00 MAUPI (,9131979 12:3~· TRAC 09201979 1200 TRAC (.9271979 1300 :RAe 10041979 1250 O. (){. MALIPI 10111979 1140 0.00 10181979 1320 (1.03 1Q261979 1100 O. 1::' 11021979 1100 0.00 MAUPI 11091979 1120 0.00 11161979 1115 0.00 112:<1979 1055 o. 11 11301979 1130 O. 01 MALlPI 12071979 1120 0.00 12141979 1125 0.02 ~ 2:2:1197')' 1200 O. 10 12281979 1140 0.46 MALIPI 01041980 1200 0.01 01101980 1940 (1,,32 (111'" 198(' 1955 O. 19 (t1231930 1635 0.14 MALtPI 02011980 161(1 0.59 0207g'EW HAO O. 01 (12 ~ ~·l -;'B(I 1~.30 ( •• t-3 02221980 1545 Z.22 
"-J MALIPI 02291980 1110 0.11 0307:,,.80 1340 0.73 0:-,'14198(: 0940 o. 12 0:<211980 1025 0.00 
"-J MAuP! 03281980 1045 0.13 (I4(14198{1 1035 0.00 (It; 11 1980 102~. TRA:: 04181980 104::- 0.00 MALI? 1 0425198(' 104(1 (1.19 04301980 1(130 0.10 OS(~'T1980 1215 0.87 05141980 1220 0.2<;1 MAUPI 05161980 0925 0.06 05221980 1530 0.03 
MALI? 1 05291980 1220 0.01 06051980 1320 0.00 06121980 1100 O. 00 06191980 1415 0.00 MAUPI 062<!>1980 1310 0.00 07021980 1::>40 0.61 07101980 1320 0.19 07171'9'80 1330 0.05 MAU?I 07241980 1330 0.02 07291980 1420 0.02 (17311980 1340 TRAC 08011980 1130 0.00 MAUPI ('8071980 1630 0.13 08141980 1625 0.01 08211980 1545 0.24 08281980 1300 0.57 MALI? I Cl9(141<;fSO 1555 0.00 09081980 1240 0.65 09091980 11(1(' 0.13 09111980 1720. 1.44 MAUPl 09161980 0950 0.08 09241980 1155 0.00 10011980 1405 0.00 10081990 1250 0.00 MAUPI 10151980 1040 0.51 10221990 1250 0.47 10301980 1145 0.03 I1AL02 08291978 0900 0.00 09041978 1130 0.00 09('91978 1100 0.00 09111978 1415 0.02 MAL02 09191978 1230 0.14 09271978 1020 TRAC 10051978 1230 0.00 10121978 0955 0.00 MAL02 10191978 1025 0.00 10271978 1045 0.52 11041978 1040 0.76 111('1978 1355 (1 .. 02 MAL02 11171978 1125 1.55 11241978 1215 0.00 11291978 163(1 0.39 12081978 1020 O. 12 MAL02 12151978 1000 0.00 12231978 0900 O. bl 12291978 1800 TRAC OICI~.19.79 1810 TRAC MAL02 (11131979 1420 0.34 01191979 1700 0.71 01261979 163<> 0.14 02021979 1130 O. 18 MAL02 02091979 1045 TRAC 02161979 1030 0.00 02231979 1230 0.91 0:<(121979 1415 0.21 MAL02 03091979 15('0 0.06 03161979 1600 0.02 03221979 1725 0.37 03301979 1030 1. S(' MGL02 04051979 1645 0 .. 62 04131979 0855 0.16 (14201979 1030 TflAC 04271979 1430 TRAC MAL02 05011979 1515 0.18 05031979 1840 0.29 05101979 1700 0.25 05151979 1500 O. (){I MAUI2 05231979 1010 TRAC 06011979 1000 0.35 06071979 0930 TRAC 06131979 1415 0.01 MAL02 06191979 1450 0.00 06281979 1345 0.00 07061979 ('920 0.02 (>7121979 105:; O. (){I MAL02 07171979 1905 0.27 07191979 1700 0.00 07241979 1635 0.04 07261979 1300 O. 01 MAL02 08011979 1603 0.00 08091979 1635 O. 00 ('SI41979 1710 0, 14 08151979 1550 O. I:; MAL02 08221979 1025 0.28 ('8241979 1600 0.00 (18281979 1100 0.00 08301979 1100 O. (1(, MAL02 09051979 1040 0.00 09131979 1215 0.00 09201979 1145 0.00 (19Z71979 12~IO TRA'C MAL02 10041979 1210 0.00 WI 11979 1125 0.00 10181979 1300 (1.0:;' 10261979 (,915 o. 1 ~ MAL02 11021979 0915 0.01 11091979 0945 TRAC 11161979 0920 0.00 11231979 0925 O. 1(, I'IAL02 11301979 094~ 0.01 12071'979 0925 0.00 12141979 1250 0.01 12211979 1340 0.09 
Table B-1. Continued. iii ___ 
SITE COLLECT PREC 
NAME !:tATE TIME (IN) 
M<lL02 12281979 1230 0.47 
MAL02 01231,*,0 1710 o. 16 
M<lL02' 02221980 1640 2. 18 
MAL02 0:<211980 0920 0.(10 
MAL02 04181980 0930 0.00 
MAL02 05071980 1000 (t .. 27 
MAL02 05291980 1210 0.02 
MAL02 06261980 1345 0.00 
M<lL02 07241980 1240 0.00 
MALOZ 0$211980 1 ::.00 0.26 
MAL 02 09091980 0940 0.17 
MALOZ 10011980 1425 0.00 
MAL02 10301980 1000 0.06 
SUUP1 0:''.l21978 171 ~. (1.00 
SUllPI 060bl978 1 ~I(I~ 0.25 
SUUPI 07091978 1~,35 0.00 
SllLlPI 08011978 1515 0.01 
SUUPI 08271978 1350 O. 11 
SllUPI (1'9191976 1520 0.27 
SUUPI 1(1191 <;178 1~130 0.00 
SUUPI 11171978 1015 2.20 
....... 
SUUPI 12151978 1250 0.0(1 
00 SUUPI 04131979 134(' 0.25 SlilIPI 05101979 1320 0.32 
SUUPI 06071979 1150 0.00 
SllllPI 07061979 1205 0.32 
SLIUPI 08('21979 1025 0.00 
SlIliPI 08211979 1425 0.85 
SllUPI 09201979 13~<0 TRAC 
SUUPI 10181979 1430 0.07 
SlIUPl 11161979 132~t 0.00 
SLIUPI 12141979 1040 0.08 
SlillPl 01111980 1335 (1.48 
SUUPI ('208198(' 1130 0.28 
SlIUPI 0:<071980 0915 0.75 
SlIUPl 04041980 1205 0.07 
SlIlIPI 0':.011 980 0940 0.60 
SIJ\.JPl 05291980 1440 0.09 
SULIPI (16251980 1415 0.00 
SI.IlIPI 07231980 151S 0.00 
SUUPI 08201980 1400 0.28 
SUUPI 09111980 1545 1.35 
SUUPI 10091980 1525 O. (1(. 
SlIL02 08271978 1230 0.00 
SLlL02 09191978 1405 0~34 
SlIL02 10191978 1410 0.00 
SLIL02 11171978 1120 2.18 
SUL02 12151'978 1340 0.00 
SlIL02 01131979 I(>QO 0.46 
SUL02 02091979 1245 0.07 
SULOZ 03091979 0710 0.10 
COLLECT PREC 
DATE TIME ON) 
01041980 1255 0.01 
02011980 1630 0.49 
02291980 1055 0.10 
03281980 (1940 0.14 
('425191:<0 ('930 0.33 
(I!:',(l91 9&0 0955 0.13 
06051 98(' 1345 O. 0(' 
07021980 1600 0.89 
(17311980 1410 0.07 
08231980 1315 0.30 
0911:91:<0 1800 1.37 
10091980 1735 0.00 
0:;·201978 1200 TRAC 
('b 1 ':'! 97E< 1418 0.00 
071/,1978 1120 0.02 
08111978 1500 0.01 
08271978 1350 O. 11 
09271978 1455 0.00 
10271978 1445 0.71 
11241978 1010 0.01 
12221978 1705 1.01 
04201979 1400 0.02 
05171979 1525 0.06 
Ob151979 1155 TRAC 
07131979 0935 0.00 
('8071979 1530 TRAC 
08301979 1230 0.00 
09271979 1415 TRAC 
10261979 1226 0.31 
11231979 122::> 0.15 
12211979 1050 0.09 
01181980 1300 1. 10 
02151980 1300 0.89 
03141980 1130 0.35 
04111980 1210 0.01 
05('91980 1350 0.29 
(160bl980 0945 TRAC 
07021980 1330 1. 69 
07~{(I1980 1535 0.04 
08271980 1740 1.23 
09181980 1415 0.30 
1('161 r,,80 1455 1. b9 
09041978 1330 0.00 
09271978 1330 0.00 
10271978 1345 0.6b 
11241978 ! 1(,5 0.00 
12221978 1500 0.96 
01191979 1310 0.55 
02161979 1300 0.02 
03161979 0700 0.01 
COll.ECl PF<EC 
I)ATE TIME <IN) 
01101980 190(' 0.24 
02081980 0920 TRAC 
030719BO 1435 0.68 
04041930 0935 TRAC 
04301980 (1905 O. (17 
0514198(' 1200 0.24 
06121980 1120 0.00 
0710198(' 1230 O. 13 
:18071980 1610 O. 11 
09041Gt80 1540 (1.0(1 
091~.1980 1045 0.01 
101::·1980 1025 0.S8 
('52bI97£< 1605 0.02 
06231978 1450 0.00 
('7221978 1130 0.69 
(18131978 1420 0.39 
09(141978 1455 0.00 
10051978 1620 0.00 
11031978 163(' O. 7b 
11301978 1115 0.72 
12291978 1520 TRAC 
04261979 1115 0.00 
05251979 1140 O. 11 
06211979 1615 0.00 
07201979 1215 0.05 
08091979 1500 0.00 
09051979 1400 0.00 
10041979 15:::0(5 0.00 
11021979 1215 0.02 
11301979 124::> 0.14 
12281979 1050 0.64 
(11251980 12(10 0.10 
02221980 1315 3.14 
('3211980 1215 0.00 
(14181980 1205 0.02 
05161980 1035 0.50 
('6121980 15('(' 0.00 
07091980 1630 0.70 
08061'*'0 1 ",,2(0 TRAC 
09031980 1930 0.00 
09251980 1200 0.00 
10211980 1445 0.02 
09071978 1545 0.01 
10051978 1400 0.00 
11031978 1520 0.58 
11301978 1315 0.42 
12291978 1315 TRAC 
01261979 1325 ",0.08 
02231979 15'50 1.00 
03231979 1335 0.50 
COLLECT PRE 
[lATE TIME <IN) 
01171980 1930 0.21 
('2151980 16:«1 0.63 
(I~<14198(1 ('927 0.09 
(1411198(1 092(1 O. (XI 
05011980 1550 0.32 
05221980 1715 (I. (':: 
0619198(1 092~, 0.0(1 
07171980 1315 () .. 02 
01:<141980 1605 C>. 01 
0908198(' 130(J o. ~2 
09241980 0930 0.0(1 
10221980 122~, O. 48 
0602197E< 1440 1F.:AC' 
07011978 : 51 (I TRAC· 
0730197E< 114::. 0.04 
(.8211978 1705 (I. 13 
09111978 H..50 0.41 
10121978 1550 (l.O(I 
11101978 1020 0.0::< 
12081978 lZ1e· (1.24 
01051979 1205 TRAC 
05041979 1410 0.49 
06011979 1445 ( •• 36 
06261979 1400 O. 00 
07251979 lS4~, 0.40 
08151979 1310 0.79 
09131979 1425 0.03 
10111979 1300 0.00 
11091979 1322 0.01 
12071979 1350 (1.0(. 
01041980 1055 9·02 
02011980 1440 0.97 
022919BO 1310 0.30 
03281980 1210 0.35 
0'1251980 1208 0.45 
0::.221980 1240 (1.17 
06191980 1 ':.00 O. (XI 
07161980 1500 (1.01 
08131980 1455 O. 0(> 
09(181980 102~. 1.31 
1002198(' 1310 0.00 
10291980 1650 0.07 
09111978 1525 0.1'1 
10121978 1315 O. (X. 
11101978 1150 0.01 
12081978 1315 0.21 
01051979 1310 TRAC 
02011979 1630 0.2<:> 
03021979 0855 0.11 
03:<01979 1335 1.55 
I 
.J 
.J 
Table B-l. Continued. 
. ... -.. '..II' 
SITE COLLECT Pf<EC COLLECT PREC C('L :...ECT PFlEe COLLECT PREC 
.. ;'ME ['ATE TlME ON) DATE TIME ( IN) DATE TIME (IN) ['ATE TIME ( IN) 
S')L02 04061979 1:.00 0.2C' (>4131979 1245 0.19 04201979 1:<OC' O. (.4 ('4261979 I (lOC' 0.00 
SLl102 05041979 1435 0.42 0:;101979 14::<0 0.::<0 05161979 110(' 0.07 05251979 1235 O. 13 
SIJL02 06011979 1300 0.29 C'6071979 1355 0.00 06151979 1 :<(15 0.00 0".211979 172~. O.O() 
SUL02 0/:.261979 1::<10 0.00 07061979 1300 0.06 07131979 1040 0.0(; 07201979 (J9.q~~ 0.22 
SUL02 (.7251979 1330 0.46 OB(l21979 1150 0.02 OS071979 144~_ TRA(' ~)8081979 140':', O. (I(. 
SllL02 08091979 153~, 0.00 08151979 1425 0.70 08211979 1620 1. 0:< -:.1'3-241979 j72~. (J.OO 
SUL02 08281979 1 :<C>O 0.00 0"-'0':'.1979 13<'0 0.00 )9131979 15~'(' TRAC (~';'2'{ll ~79 l~·Z~, TRAC $\.IL02 09271979 1<':>10 TRAC 10041979 1320 0.00 HII11979 1500 C'. <.(. 1('IBI97<;- 1~4(1 ('.04 
SUL02 10261979 1:<~ C'. 23 11021979 1335 TRAC ; 1091979 1210 lRA~: 111<=-1'7''79 1210 ('.0(' 
SLlL02 11231979 1400 0.09 ! 130197<;' 1:<45 0.09 2071979 12:::5 0.00 1214197<;1 (>915 ('.03 
SUL02 12211979 11 ~o (I. 10 12:281979 0920 0.58 (I H>4 I 980 092'5 0.01 <'111198(' l4~1:' (' .. .: ... ~. 
Sl'~02 01181980 1430 0.77 012~·1 C;'S(\ 0850 O.O:!: ('2:011 ~'8(> 1 Zl ~5 ('. 7~' OZOS19~(j : 31 () O. 1 Z 
glJLOZ 0:-:151980 J430 0.80 02221980 144~, :<.00 02'29'1980 14:5 U.20 V307193C' 12:1 ~, 0 .. b(' 
SlIL02 03141980 1:<10 c. 1~' 0321!980 1245 0.00 03281980 ,24C' 0,23 (>4041 S'8(1 124(' C. 04 
8')L02 04111980 1245 TRAC 04J81"30 12~0 0.01 04251980 1 :::4(' Cl. 3~, (1~5() 11 98(t 0800 0 .. 51 
SfJL02 0'::,091980 1445 0.38 0::·141980 1500 0.39 O~,l/:·I 980 1155 0.03 (152219'90 14'::15 0. 12 
SUL02 ('5291930 170C' 0.07 ('0('41980 1700 TRAC {'6121980 1320 0. ('0 01,191980 16H' 0.0(' 
SUL02 01,2:51980 16~C' 0.00 ('7CI21980 14:~5 C'. 78 ('7091980 13::-<(1 (J. ::~e. C'7161 "faO 133'5 0.02 
SULOZ 07231980 1345 0.00 07301980 1700 0.01 08061980 1t.4:5 1RAC 08131"faO 1250!:l 0.0(' 
Slit 02 08201980 1700 O. 16 08271980 1845 0.69 09031980 17~(1 0.00 OS'081980 1 130 1. 21 
SI)102 09111980 1640 1.133 091S1980 1515 0.40 (lO'Z21 9S0 1:::..:50 (J. 0(: 09251980 1600 (,.0(1 
SUL02 10021980 1645 0.00 1(1091980 1700 0.00 1016198(- 1600 I.T::: 10211980 Ie·se· 0.01 
-....J SlIL02 10291980 1740 0.04 
1..0 I CELl 05131978 0930 0.00 05201978 0945 0.00 05261978 1228 O. I <;I 06021978 1110 0.00 
I CELl ('6091978 0945 0.28 06151978 1130 (I. 00 (>6231978 (t92~. 0.00 07('11978 0955 0.01 
I CELl 07091978 1250 0.00 (17141978 09:<0 TRAC 07231978 0925 (1. ('4 07301979 0920 0.02 
I CELl <'8061978 (>920 0.00 C181~1978 1720 0.45 ('8211978 1440 ( •. 17 (18271978 1145 0.01 
ICELI (18271978 1145 0.02 (19041978 I 100 TRAC (19111978 1350 0.07 09191978 0930 O. 13 lCELI 09271978 0955 TRAC 10051978 1010 0.00 10121978 09'3~~ O. ('C' 10191978 1010 0.00 
1 CELl 10271978 1025 0.71 11041979 0945 0.63 11101978 1500 0.02 11171978 1~.35 1.42 
I CELl 11241978 1410 O. 00 112:91978 1600 0.43 1Z081978 1(1(15 O. 10 12151978 0945 0.00 
1 CELl 12231978 0800 0.87 12291978 184(. TRAC 01051979' 1850 0.00 01131979 1:540 0.38 
lCELI 01191979 1800 0.85 01261979 1730 O. 13 (12021979 (1930 0.17 ('2091979 0930 0.01 
I CEll 02161979 0940 0.00 02231979 0955 0.78 0:<021979 1530 0.30 03091979 1355 0.07 
I CELl 03161979 1450 0.02 03221979 1705 0.36 03301979 0900 1.50 04051979 1625 0.42 
lCEL1 (>4131979 0840 O. IS 04201979 0955 0.01 04261979 ('8S0 0.00 05031979 1930 0.47 
1 CELl ('5101979 18~0 0.25 05171979 183'5 0.00 05231979 0950 0.00 01>011979 0930 0.41 1 CELl (11,071979 0905 TRAC 01,141979 1325 0.00 06191979 1425 0.00 06281979 1~.20 0.00 
1 CELl 07061979 0900 0.00 07121979 1035 0.00 07191979 1430 O. 13 07241979 1610 0.28 
lCELI 07261979 1320 0.01 C!B01l979 1545 0.00 08091979 1700 0.00 (18141979 1655 0.3<' 
I CELl 08151979 1<':>20 0.20 08221979 1000 0.28 08281979 1020 0.00 (>4(151979 1010 <'.00 I CELl 09131979 095(. TRAC 09201979 0930 0.00 09271979 1010 TRAC 10041979 0925 0.0(> 
1 CELl 10111979 0920 0.00 10181979 0920 0.01 10261979 0905 0.17 11<'21979 (1900 0.01 
I CELl 11091979 0925 0.00 11161979 0910 0.00 11231979 0915 0.01> 11301979 09'30 O. 01 
I CELl 12('71979 0905 0.00 12141979 1310 TRAC 12211979 1415 0. 12 122'81979 1450 0.43 
I CELl 01041980 1500 0.01 01101980 1810 0.23 01171980 1630 O. 17 01231980 1620 ('. 14 
1 CELl 02011980 1900 0.42 02071980 1620 TRAC 02151980 1715 0.61 02221"fa0 1725 2'. 12 
I CELl 022919BO 0940 0.12 03071980 1525 0.64 ('3141980 0915 O. 1~' 03211980 091(' O. OC' 
I CELl 032819BO (1925 0.(18 04041980 0925 :tRAC <.41119BO 0910 <'.00 04 , r;< 1 ~·Et(l 091(' O. 0(' fCELl 04251980 0'915 0.22 04301980 0850 0.02 05091980 093:; 0.75 0':· 161 S'80 090C> O.2~ 
I CELl 05221980 1750 0.01 
·J 
Table B-l. Continued. 
. '-..'" ~'.,..;.. .... 
SITE C-ULLECT PREC COLLECT PREe COLLEt T PRE( COLLEC1 PRE( 
NAME DATE TIME ( IN) [lATE TIME <IN) DATE TlME (IN) [lATE TINE <IN) 
JCELI 05291980 0930 0.04 0;'051980 0920 ( •• 02 06121980 0855 0.00 06191'1'80 (I<;rO(' ('.0(1 
lCELI (\l,.261980 0920 (1.(10 (.7('21<>80 Ib25 (1.47 (l7101980 0935 0.27 ('71719S0 0935 0.07 
ICELI (.7241980 1(125 0.00 0801 I 'Y80 0900 0.09 08071980 1345 0.16 08141980 1340 0.03 
ICELI 08211 '930 1210 (I. 17 0:::'281990 124(' 0.61 09041930 1320 0.00 09081980 1315 O. bl 
JCELI (I,? 111 98(1 183=- I. bl (.<;, I 6l 980 0<;035 0.06 09241'1'80 0910 0.00 1001198(. 1325 0.0(' 
JCELI ) ~~'':;.81 98(: (1850 0.0(> 1 015~ ':"'8(\ 101(' 0.57 10211980 0905 0.29 10301980 0915 0.02 
(iRTC3 (!~.l :' 1 S'7P ! I ~<5 0.0(' ('52('1 <;'78 1400 0.00 05261978 1210 0.30 06021978 1230 TRAC 
«RTC3 (11:<1';' 1','7€- 101(' ('. 4;' (16171978 1030 0.00 (.(,241978 1015 0..00 07011978 1210 0.01 
GR1C3 (170'1' t 978 I-j4~' 'R4C (J7l~·i.978 1030 ( •• OS 07231978 1100 0.02 07291'1'78 1145 TRAC 
GRTC3 (l8U2197Et 104:':", ;RAC (Y3061978 10:<0 TRAG 03121'1'78 1120 0.04 08121978 1607 O. 17 
GRTC3 1)'2: 1,51 978 1 (J25 ( •• 08 (18221978 !(IIS 0.0:;: 08291978 1005 TRAG 08291978 1005 TRAC 
GRTC3 (·o;,c),S 1 97B 1 Ci3(1 (I. (.0 (1"tC";' 1978 12(10 0.01 09151978 (>830 0.02 (19191978 1130 0.14 
G~TC3 (',:£8! .y7B" I 10(1 IRAC. 1 ('(l~.! 97& 110(. 0.00 ](1121971:< 1045 (1.00 10191'1'78 1130 0.00 
GRTC3 1(;~71978 1:Z1~ 0.42 ! 1041978 11 OS 0.66 1110197€' 1330 0_02 11171978 1315 1.47 
GRTC3 112'41'>78 1320 ('. ('0 113(11 ~'7B 0930 (l~ 3~, 12081978 1050 O. 14 12151978 1030 0.00 
(iRTC3 12231978 123(' ('. b5 1:!Z8197S lOIS 0,01 (11051979 IbOS 0.00 04131979 1100 7."12 
GRTC3 04171979 1::'·15 0.00 ('';201979 113(' TRAC 04271979 1225 TRAC 00031979 1810 0.30 
GRTC3 "S1C11979 .535 0.24 (1:;·171979 l800 0.01 (15231979 illS TRAC 0601 1979 1050 0.3.<1 
GRTC3 ('60"'1979 1030 1RA~: 060131979 16000 ( •• 01 060191979 1715 0.00 (>60281979 1445 0.06 
GRTC3 07061979 1015 O. 0'- 07121979 16010 0.00 07171979 1435 0.07 (17191979 1020 TRAG 
GRTC3 ('72bI979 1::'·00 0.03 07271979 1015 0.0(' 08011979 IBOO 0.00 08081979 1518 0.00 
GRTC3 08161979 1100 0.22 08221979 1500 0.48 08:<11979 1000 o. (I() 0"'061979 1325 O. oc. 
ex> GRTC3 0"131979 1138 TRAC ('9201979 1(·47 TRAC 09271979 1220 0.01 10041979 1100 0.00 
a ORTC3 10111979 1('54 0.00 10181979 11260 TRAC 10261979 1025 0.08 11021979 1025 TRAC 
ORTC3 j 1091979 10'50 (·.00 11161979 1045 0.00 11231979 1020 0.09 11301979 1100 TRAC 
GRTC3 12071979 1045 (1.0(1 12141979 121(1 O. 01 12211 '1'79 1240 0.07 12281979 1400 0.48 
ORTC3 01041980 1420 TRAC 02011980 1800 0.43 02081980 0810 TRAC 02291980 1040 2.35 
ORTC3 (13211980 0950 0.88 03281980 1015 0.08 04041980 1010 0.00 04111980 0955 0.00 
ORTC3 (14181 -;'80 1015 0.00 04251980 1000 O. 19 04301980 0945 0.05 05091980 1115 0.9(1 
GRTC3 0:".141980 1115 0.20 05211980 1(>45 TRAC 
G~TC3 0:;·291980 1130 0.01 06051980 IllS TRAC 0(,121980 1004 0.00 0(,191980 1100 0.00 
ORTCS 06261980 121(> 0.('0 07(131990 1155 0.77 07101990 1130 0.12 07171980 1200 TRAG 
ORTC3 07241980 1200 0.04 08011<;080 1030 0.07 08071980 1500 TRAC 08141980 1455 0.02 
ORTC3 08211980 1345 0.3(, 08281980 1450 0.31 (19041980 1445 0.00 09181980 1000 1.51 
ORT(:3 092419S0 1130 o.oel 10011980 160(' 0.00 10061980 1145 0.00 1Cl1319BO lQ30 0.16 
C'.R1C3 10211980 1115 0.73 1('301980 1030 0.06 
(iRS02 051319710' 0900 0.00 (l520197E< 0930 0.00 052(,1978 1210 o. :-t(I ('6021978 1048 0.00 
(;R502 (1600(,1978 1328 0.14 Obi :.1978 1114 0.01 ('6231978 0900 0.00 07011978 0940 0.01 
(;R502 07091978 1240 (>,(10 (17141978 09'l::'. TRAG (.7231978 090S 0.35 07:<01978 ('845 0.05 
OR502 08011978 1700 0.00 08131978 1740 0.17 08211978 1422 0.08 08271978 1130 TRAC 
OR:5(I2 09(>41978 1045 0.00 0911 1978 1 :<3::\ (1.02 09191978 ('915 0.36 09271978 0935 TRAC 
C;R502 10051978 (1950 0.00 lC>121976 0920 0.00 10191978 (.950 0.00 10271978 1000 0.4e. 
OR502 11(131978 1440 0.b7 11101978 0925 TRAC 11171978 0905 1.55 11241'1'78 0925 0.00 
ORS02 11291978 1:.40 0.41 12081'1'78 0945 O. 12 12151978 0930 0.00 12231978 0730 0.85 
OR502 12291978 1150 TRAC 01051979 1(>40 0.00 01131979 083(, 0.42 01191979 1200 0.73 
OR5('2 01261979 1210 0.11 02011979 (l85S 0.14 020S'1979 ('905 0.02 021(,1979 0915 0.04 
8R502 02231979 0925 0.68 03021979 0800 0.14 03091979 1330 O.Ob 031(,1979 1420 0.01 
OR502 03221979 1650 0.38 0:<301979 0830 1.53 04051979 1(,05 0.39 04131979 082(' O. 33 
GR502 04201979 ('920 0.02 042(,1979 0830 0.00 €J5041979 0900 0.19 05101979 115(1 0.26-
OR502 05171979 1900 TRAC 05231979 0915 0.00 0601197'1' 0900 0.22 0(,071979 0840 TRAC 
OR502 06141979 1305 TRAC 06191'1'79 140:; 0.00 0(,281979 1540 0.00 07061979 0845 0.22 
:J 
Table B-l. Continued. 
~ 
~,: TE COLLECT Pf<EC COLLECT PREC COLLECT PREC C('LLE (,T PRE( 
NHME ciATE TP1E { IN} DATE TIME lIN) [lATE T 111E IINI UATE TIME c IN) 
CiR502 07121979 1015 0.00 07191979 1410 0.03 07:l41979 1535 0.18 07261S-79 1 1 :<5 TRAe 
Gf-'~.(l2 0:;'011979 1':.20 TRAe 03031979 1225 ('.00 (.e091979 173(' O. (1(, 08151979 1 11(1 (1. :;7 
GRe·02 08211979 1250 0.26 08:l81979 1 ('00 0.00 09051979 0';>50 0.00 0..,,131979 (1925 0.01 
GR~,02 09201979 0915 TRAe (1'>'271979 0950 TRAC 1<'041979 090:;· O. 0(1 10111979 08~,5 C" 0(' 
(it<502 10181979 ('900 0.05 10261979 ('845 0.15 11('21979 0840 0.00 I IC'''''I 97'? 0910 (~. (1(1 
C;R~~(12 11161979 0850 o. (>(. 11231979 Q855 0.04 11301979 0912 0.03 1:lO71979 !)':=:~I(J (" (.(, 
GR502 121~197S' 0830 TRAC 12211979 0900 0.06 12281979 0840 0.55 (l104! 98(1 0850 ('. 01 
OR~tOZ ('1101980 1740 0.27 01171980 1755 Q.31 012319E<0 1550 (1.27 02011..,,8(1 lO2~ (I" (:,.t;. 
C"f.-:-S02 (\2(171 t.;'ao 1605 0.01 02151980 1735 Q.71 (>222198(1 1750 2.24 (1::29198(1 092::', (:. 1 c:-
Cif,.·~·02 (1:-{Ct"71 <;-80 1550 0.78 03141980 0855 0.20 03211980 (l850 ('. (10 0:<2819BO (l'? 1 (~ (f. l~ 
C.R,;.(l:: ('4('~ 1 98(' (l9()~' 0.03 ('4111980 (1855 0.0(' 04181980 ()845 0.00 (142~'1 <;'8(1 1.1900 ('.2: 
:)R~I02 (\,!:. : .... 0 1 'St8el 0830 0.03 C::.091 «80 0915 O. 41 0:5161 ~'80 (J845 0.29 O~.2~19S0 172'~ (.. (I.tl 
~:oi .. ;~.C2 C::'.2S'1980 (1910 0.00 ()6051980 0900 C'. 0(. 06111980 1710 0.00 06191980 (184(~ (:. 0':": 
GRS02: (J.~.;"·':·1 v8(: ~24~ (1.0(; (170219::<C' 111(' 0.36 (17101980 0915 0.32 0717198(' (''''15 (;~ (t~ 
(·;;::.02 «("24198C' 1005 C •. 01 0801198(' (lB15 O. ('3 0807198(1 1300 0.04 0814198(1 l31(1 C. O! 
(;1'<502 ()82(l1980 1110 C'. 18 0:::271 '¥30 1610 1.54 09021920 0855 O. C'O ()90S19S0 (1'7'1 0 0.6J 
01':5(12 09111980 1330 2.49 09161980 0915 0.53 09221980 1220 O. 0(1 10(111980 1300 (,~ 0(1 
Gk':'(~~ 1008198(1 08:<0 0.00 10141geo 1620 (J.58 1(1151980 09:;,5 (1.43 10211980 (~84(1 0.3b 
(,R~02 1029198(' 1455 ('.01 
GRllP! OE:281978 1830 0.00 (19(.41978 1 ':.40 c.. 00 09(171978 1525 0.03 09111978 1730 (:~ 12 
GRL'PI 09191978 160:;. 0.29 (1';-"271978 l~·45 O. 0(' 10051978 1700 0.00 10121978 17::<0 O. (1(, 
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Table B-2. 
-
• .. ·,i .. ··,,··.' , .;.' 'I '''''; 
• ...... oJ ....... ... 6 ............ ,.. ....-
rl-"IL'" PREC:]pnATIOtl 
SlTE PREC PREt PREt: ,'kEC PREG PREG 
NAME DATE ON) LIATE ( IN) [lATE ( IN) [lATE ( IN) OATE ON) DATE (IN) 
SOLD 052176 0.05 060676 O. 17 (.62576 TRAG (>62978 TRAC 071176 TRAG 071676 0.42 
SOLD 071878 0.70 07~<076 0.02 080678 TRAC 0<>1276 0.06 081376 0.03 081476 0.06 
SOLD 082076 TRAC (J82278 0.01 090876 0.01 091176 0.01 091578 0.01 ('91678 0.01 
SOLD 091778 0.03 091678 0.02 1(12076 0.03 102178 0.13 103176 0.07 110178 0.02 
SOLO IlCI276 0.73 111078 O. 12 111176 1. 49 111276 0.43 111376 0.01 112278 TRAC 
SOLD 113076 0.45 120878 o. 12 121578 TRAC 121778 0.44 121878 0.34 121978 0.03 
SOLO 122076 0.02 (110579 0.05 (110679 O. 07 010879 1RAC 010979 0.06 011179 0 .. 27 
SOLD 011279 O. (1'5 011479 0.2S 011579 0.06 011679 0.(13 011779 0.23 011879 0.12 
SOLD 012(179 0.01 012179 O. (II 012479 TRAC (112579 0.01 012679 0.06 0127.79 TRAC 
SOLD 012979 0.03 013079 lRAC (>13179 0.08 ('20179 0.04 (>2('279 0.04 021479 0.06 
SOLD 021979 0.03 (12207'9 0.03 022179 0.61 022379 O. 10 030179 0.09 030279 0.02 
SOL[' 0:<0379 0.01 ('31479 TRAG 031579 0.01 (I~<1679 (1.01 031979 0.06 032079 0.09 
SOLD 032179 0.23 032279 0.('9 O;:;Z:-<7<? (>.01 032779 (1.09 032879 0.80 032979 0.l>6 
SOLI) 033079 0.26 033179 0.04 (>40e7~' ('.12 (14097c, 0.11 (I4167~' TRAG 041979 TRAC 
SOLD 042779 TRAG 042979 0.02 043{)79 0.05 0':.(>179 O. IE< (I~,0279 0.05 0!50!is79 0.26 
SOLD 050979 0.02 051079 TRAG 0':<2:'79 TRAC (>~,247<;O O. 04 ()~.2579 TRAC 052779 0.01 
SOLD 052979 0.37 052979 0.08 070179 0.08 (.70379 0.03 070479 O. "01 071679 TRAC 
SOLD 072179 O. 12 061279 0.08 0~1379 O. 27 081479 0.3Ct 081579 0.02 ('81879 0.16 
00 SOLD 09('979 0.02 092079 TRAG 1<1]779 0.0] 101379 (1.05 102079 O. II 111879 O.M 
N SOLD 112379 0.03 112479 O. 10 112579 O.ClU 11267~' 0.05 Ul(>979 lRAC 122179 0.51 SOLD 122279 0.02 01(1280 O. 01 01(,380 H<AG 01 (.78(' TRAC 010880 0.0(, 010980 0.44 
SOLD 011(>60 0.13 011180 0.01 011280 0.30 01 1 38(J (1.03 011480 0.15 011580 0. 01 
SOLD 011680 0.03 011780 (1.13 011E<80 0.4:2 (l119E<(" (:.02 (112780 0.11 01281:<0 0.71 
SOLD 020680 TRAC 020780 0.02 (l212'~O 0.01 02138(1 0.04 02148(' 0.87 021780 0.26 
SOLD 021880 1.40 021980 0.31 022060 0.21 02216(> 0.29 022380 (>.21 022480 0.01 
SOLD 022880 TRAC 030360 0.30 03('480 O. ('1 (.3(1680 O. 15 030780 0.41 ('3(.880 TRAG 
SOLD 031180 0.20 031200 0.07 (.32280 0.01 032480 0.18 (t32580 0.01 032780 0.06 
SOLD 032880 0.01 032980 0.02 (.40380 0.02 ('41180 TRAC 041280 0.01 042180 0.01 
SOLD 042280 ('.01 042360 0.38 042480 TRAC 042980 0.06 050180 0.35 050200 O. 01 
SOLD 0:50480 0.12 05(1580 0.03 050680 0.01 0'50780 0.01 050880 TRAG 050980 0.07 
SOLD 051000 0.01 (151180 0.16 ('51280 O. 10 051380 0.01 051460 TRAC 051580 TRAC 
SOLD 051e,80 0.05 OS1780 TRAC 051880 TRAC 052260 TRAC 052480 0.04 052580 TRAC 
SOLD (lS2980 0.11 053180 TRAG (170380 0.40 071780 TRAC 072380 TRAC (172400 0.01 
SOLD (173080 0.0(, OSOI80 0.03 081380 TRAG (191480 0.29 081580 0.05 082380 0.09 
SOLD 082460 0.32 082560 0.59 (182680 TRAC 090680 0.08 090780 0.34 090860 0.12 
SOLO 09(>980 0.63 091080 0.94 091180 0.02 091280 0.18 (191380 0.01 091480 0.01 
SOLD 101280 0 .. 35 101380 O. 16 101480 0.20 101500 0.43 101660 0.03 102580 0.01 
COAL 052278 TRAG 060278 TRAC 060478 0.04 0(,0576 O. 11 071078 TRAC 071676 0.03 
COAL 071876 O. 49 ('73176 0.02 OS0878 0.01 080976 0.02 081278 0.06 081376 0.55 
COAL (181478 0.09 082178 0.02 062276 0.01 09(1878 0.02 091076 0.01 091178 O. 01 
COAL 091578 0.01 091678 0.02 091778 0.03 091878 0.03 102078 0.04 102178 O. 16 
COAL 103178 0.03 110176 0.03 110278 0.75 111078 0.16 111178 1.50 111278 0.40 
COAL 111378 0.03 112278 0.01 112'578 0.36 112678 0.01 11297€< O. II 11 :<078 0.06 
COAL 120178 0.02 120278 0.01 120578 0.08 121578 0.01 121778 0.47 121876 0.39 
COAL 121978 0.08 122978 TRAC 010479 TRAC 010S79 0.05 010679 0.03 011079 0.09 
COAL {'11179 0.30 011279 0.06 011479 0.30 011579 0.07 011679 0.01 011779 0.24 
COAL 011879 0.17 011979 0.01 012679 0.10 020179 O. 18 020279 0.05 021479 0.06 
COAL 022179 0.79 022379 0.10 030379 O. 13 031479 TRAG 031579 0.03 031679 lRAC 
COAL 031979 0.0'5 032079 0.09 032179 0.38 0:<2279 0.07 032779 O. 12 03287'\' 1.08 
COAL 032979 0.60 033079 0.2'5 033179 0.03 040879 0.07 040979 0.02 ('42779 TRAC 
COAL M3079 0.03 050179 0.11 050279 0.28 050379 0.02 050879 0.31 050979 TRAC 
I 
., 
Table B-2. Continued. 
S! TE PREC PRE!:' PREC PREC PREC ~·;.it:C 
NAME [lATE (IN' [lATE <IN) [lATE <INl DATE tIN) DATE lIN) [lATE ( !N) 
COAL 0~·2379 0.01 052479 0.08 052879 TRAG Obl079 TRAG 070179 0.09 070~7'" 0.06 COAL 071679 TRAC 072679 0.06 (>S0779 0.0:> 081279 0.30 (181379 <'.32 (1131479 0.44 C:OAL 081:>79 0.06 081879 0.20 ('83079 TRAC 090979 TRAG 092079 TRAG 092579 0.04 COAL 101779 0.01 101879 0.03 102079 0.21 1(13079 0.14 110179 TRAG 111879 ('.09 (,OA:" 111979 0.01 112379 o. O~f 112479 0.13 112579 0.01 112679 0.08 120979 TRAC COAL 122179 (1.43 122279 0.03 01(1290 0.01 010390 TRAG 0107S0 TRAC oloaso 0.01 COAL 01098(1 0.70 011080 O. 18 011180 0.02 011280 0.32 01138(1 (1.03 011480 0.13 COAL (>11 :>8(1 TRAC 011680 0.02 011780 O. 16 OIISBO 0.48 011980 0.01 012780 O. 11 COAL 012880 0.1>7 020680 TRAC 02('780 0.02 ('2138CI 0.03 021480 0.88 (12178(' (I. 19 
t:OAL 02183() 1. 59 021980 0.33 <'22080 0.25 022180 O. :<1 (122:<80 0.13 0228S0 TRAC COAL (l30:-tB(J 0.40 03048(, 0.02 030680 0.08 030780 0.37 031180 0.22 031280 0.06 COAL (1·;<2180 TRAG 032200 TRAC 032490 O.~ (':<2580 TRAG 032790 TRAC 032€<eO TRAC COAL O~298C. (1.01 040380 TRAC 042180 0.05 042280 0.01 (1423S0 0.39 042980 ('.06 COAL (:'0·(11 S(' 0. 17 C>50Z90 0.02 0:;.0480 0.06 050690 0.17 050780 0.03 0501:180 0.02 COAL 050980 (j. 20 0::·1('80 0.03 051180 0.29 051280 0.11 051380 0.01 051480 0.01 COAL O:,l~.SO ('.01 ('516SC. 0.05 0:::·1780 TRAC 051880 TRAC OS22:8(t TRAC 052330 TRAG COAL 052480 (t.02 0:>2:::.80 ('.03 052680 TRAC 052980 0.15 053180 TRAC 070380 0.37 COAL 071(180 0.02 071880 ('.01 072:>90 0.01 073180 0.12 ('81390 TRAC 081480 O. 17 COA!... (lSl::>80 0.05 082480 ('. 13 (182580 0 .. 72 0.2680 0.01 090680 0.10 090780 0.43 COAL (19088(' o. 1 '5 (190980 0.78 (191080 (I.B2 (.91180 (1.04 ('91280 O. 11 091 :<80 0.02 COAL 101280 (I. 4:> 1('1380 0.54 101480 0.52 101580 0.74 101b90 0.01 102580 0.01 00 SLINN 052178 (I. (12 . 0:::.2278 0.01 ('52778 lRA~ 060478 0.13 06057S 0.08 062978 TRAC-t..> SUNN 070978 TRAC 071678 0.36 07177S 0.38 072278 0.03 081278 0.13 081378 0 .. 82 SLINN 081478 0.05 081978 0.01 082(>78 0.01 082178 0.07 082278 0.06 090778 0.06 SLINN 090878 0.26 (190978 0.01 091078 0.01 (.91178 0.02 091678 0.01 (191778 0.2(' SLINN (191878 0.02 102178 0.04 102 78 0.70 102778 0.02 0:::.0879 0.28 050979 0.02 SLINN 051079 0.02 0:::.2379 TRAC 0:>2479 0.07 052579 0.12 (152779 0.01 052879 0.03 SUNN 052979 0.21> 061079 TRAC 070179 0.01 070379 0.14 ('72179 0.4b 072479 0 .. 02 SUNN 072579 0.01 081179 0.01 081279 O.Ob 081379 0.48 081479 0.17 081579 0 .. 02 SUNN OSI679 0.50 081879 0.19 081979 0.14 090979 0.02 092079 TRAG 092579 TRAC SLINN 092b79 TRAC 101779 0.02 101879 0.06 102079 0.17 110179 TRAC 110279 TRAC BLINN 11('879 TRAC 111879 0.07 111979 ('.01 112379 0.05 112479 0.09 112'579 0.01 SUNN 112679 0.02 120979 0.05 121079 0.01 122179 0.57 122279 0.06 010280 0.01 SUNN 010380 TRAC 01('480 TRAC 010780 TRAC 010880 0.01 010980 0.31 011080 0.07 SUNN 011180 0.01 011290 0.26 011380 0.02 011480 O. 19 011580 0.01 011680 0.06 SLINN 011780 0.17 011890 0.28 011980 0.02 012780 0.12 012880 0.75 020680 TRAC SlINN (.2(.780 0.43 021:<80 0.06 021480 0.75 021580 0.01 021780 0.'50 021880 1.37 SliNN 021980 0.47 022080 0.5:< ('22180 0.17 022280 0.05 022380 0.21 022880 0.03 $lINN 022980 0.01 0:<0~<80 0.27 0::<0480 0.02 030580 0.01 030680 0.14 0::<0780 0.27 SLINN 031180 0.17 031290 0.13 032280 (1.04 032480 0.08 0~2580 0.02 032780 0.07 SLINN 0~288(' 0.16 032980 0.01 040::<80 0.02 041190 TRAC 041280 0.0] 042180 0.02 SUNN 042280 0.05 042380 0.36 042480 TRAC 042990 0.17 043090 0.01 0501S0 0 .. 42 SllNN 050280 0.01 050380 TRAC 050480 0.15 050580 0.01 050680 0.01 050780 0.03 BlINN 05('980 0.01 051090 0.03 0:>1180 0.10 051280 0.22 051::"80 0.02 051480 0.10 $lINN 051580 0.01 051680 0.14 051780 TRAC 051880 0.01 0:::·1980 TRAC 0'52280 TRAC: SUNN 0:,2480 0.04 0'52580 TRAC 052980 0.03 053180 TRAC 062980 0.01 063080 0.50 $lINN 070180 O. ('8 (.70280 0.79 071690 0.01 073090 0.01 081380 TRAC ('81480 TRAC SLlI.IN ('81580 0.21 (182:<80 0.43 082490 0.09 ('82580 0.31 ('82680 0.01 082780 0.01 SUNN 09(1680 0.33 090780 0.69 090SBO 0.32 090980. 0.84 <'91090 0.82 0911aG1. O. :35 SUNN 091280 0.15 091380 TRAC 101280 0.36 101380 0.50 101480 0.05 101590 0.49 SUNN 101690 0.30 102580 0.05 
00 
+:-
"j 
Table B-3. Storm data for runoff producing events. . 
• e=-* .... 3·] iiIo ..... ;,..·'· ,t'4 .......... ~~ .. ' ................. ~ . ..:... . 
..........-:r= ..... 
STORM DATA HyDRO STORM FIELD LAB. 
NAME lYPE DATE FLOW LIMB TIME STAR' CCIND. CONDo BICARB. CAL. CHLOR. MAC>. POl. SOllIUM SliLFAT Sf; TDS l(1'A~ HARD. 
CIA 
C2A 
C3A 
C4A 
C5A 
C6A 
C7A 
C8A 
C9A 
C1CIA 
CIIA 
C12A 
.ClP 
C2-7E< 
C8S 
C9B 
("·1(1-118 
C12-13B 
CIC 
C2-3C 
C4C 
C5C 
C6-11C 
C12-18C 
Cl"?-25C 
C20-28C 
CID 
C2D 
C3D 
C4D 
C5D 
Co-8D 
C9D 
ClOD 
CIE 
C2E 
C3-4E 
C5E 
C6E 
C7E 
caE 
S2A 
S3A 
54A 
55A 
S6A 
57A· 
81-213 
53-4S 
$5-613 
(CFS) (MIN) WI'IHOSl WMHOS) (MG/Ll (MG/Ll (MG/Ll (MO/Ll (MO/U (MO/U (/'lOlL) O'lG/Ll (MOIL) 01C..'LCACO:i!) 
55 071678 
5S 071676 
S5 071678 
S8 071876 
S~: 071676 
5S (171678 
SS 071876 
53 (.71878 
55 071878 
35 071678 
SS ('71878 
SS (t71878 
55 081378 
55 081378 
S8 (>81378 
53 081378 
S5 081378 
5S 081378 
S5 081479 
53 081479 
53 081479 
58 081479 
58 081479 
55 081479 
S5 081479 
55 081479 
S8 082580 
5S 082580 
55 082580 
S5 082580 
~;S ('82580 
55 082580 
S5 082580 
55 ('82580 
S5 090980 
SS 090980 
5S 090990 
SS 090980 
55 090980 
SS 090980 
55 090980 
55 ('82580 
S5 082580 
55 082580 
S5 082S80 
5S 082580 
55 082590 
55 090780 
S:S 090780 
5S 090780 
11 
21 
44 
81 
300 
5b 
15 
8 
7 
7 
6 
5 
37 
17 
23 
28 
30 
15 
15 
14 
14 
15 
16 
16 
17 
42 
28 
2 
2 
10 
15 
15 
6 
3 
3 
2 
8 
10 
9 
8 
10 
10 
5 
R 
R 
R 
R 
C 
F 
F 
F 
F 
F 
F 
F 
R 
C 
F 
F 
F 
F 
R 
R 
R 
C 
F 
F 
F 
F 
R 
R 
R 
R 
C 
F 
F 
F 
R 
R 
C 
F 
F 
F 
F 
R 
R 
C 
C 
C 
C 
1 
2 
3 
4 
12 
20 
28 
44 
60 
76 
100 
124 
1 
28 
44 
60 
100 
148 
1 
3 
4 
12 
100 
212 
676 
aH 
1 
2 
3 
4 
12 
44 
60 
76 
1 
2 
4 
12 
20 
28 
44 
2 
3 
4 
12 
20 
28 
2 
4 
20 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
LA 
EA 
EA 
EA 
EA 
EA 
EA 
LE 
LE 
LE 
LE 
LE 
LE 
LE 
LE 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EM 
EM 
EM 
604 
956 
1070 
1130 
1015 
124:5 
795 
887 
1131 
12b5 
11422 
1340 
1326 
1401 
S45 
932 
1166 
1296 
1417 
1272 
1781 
1562 
625 
637 
678 
23701 
22236 
19180 
11084 
22168 
18820 
2878 
1994 
2430 
b4 •. 
59'!· 
705 
725 
1134 
1354 
1023 
1078 
1336 
1573 
167 •. 
Ib09 
1314 
1506 
974 
1030 
1310 
1450 
16:50 
1380 
1880 
1680 
be6 
686 
683 
24200 
22900 
20000 
11700 
23100 
20800 
3660 
1940 
2750 
142 
17'1 
192 
15b 
146 
130 
2419 
Ib7 
47b 
1297 
132 
112 
129 
127 
1708 
1117 
1214 
1201 
4160 
1552 
3024 
140 
140 
154 
111 
119 
92 
137 
122 
122 
153 
153 
140 
28 
44 
56 
56 
248 
198 
194 
117 
128 
169 
201 
283 
234 
238 
212 
114 
112 
113 
108 
482 
485 
467 
3bO 
612 
552 
275 
171 
279 
123 
167 
200 
200 
289 
37 
60 
17 
14 
12 
19 
12 
14 
17 
11 
12 
16 
12 
18 
18 
36 
30 
5 
6 
7 
154 
199 
169 
121 
149 
134 
25 
18 
16 
9 
2 
18 
25 
(I 
10 
33 
6 
b 
4 
13 
47 
30 
28 
19 
12 
16 
19 
27 
31 
43 
59 
13 
12 
9 
12 
1705 
1662 
1405 
b03 
1044 
1270 
1404 
72 
43 
b 
7 
." 
." 
11 
14 
6 
6 
b 
7 
7 
7 
b 
7 
6 
6 
7 
7 
8 
9 
7 
7 
/:. 
5 
6 
7 
37 
38 
33 
21 
32 
30 
13 
9 
11 
25 
41 
41 
36 
118 
152 
159 
52 
59 
62 
61 
68 
81 
87 
66 
74 
104 
99 
71 
58 
147 
111 
2b 
31 
36 
42 
5900 
5120 
4220 
2140 
5410 
43?O 
586 
2:58 
331 
300 
280 
320 
471 
471 
~"2'(J 
1 004 
523 
539 
704 
648 
1529 
1217 
676 
270 
354 
566 
6b6 
996 
720 
824 
Mb 
223 
288 
244 
55 
20700 
20700 
16100 
8010 
17600 
16200 
93 
819 
1180 
:;:20&{l 
83980 
:;·972(1 
:,:-c912(t 
81060 
4";<480 
71 <;J2(j 
114530 
13348(1 
"'87:<:(; 
1 ::-C~lbO(J 
S58'00 
6B250 
~lS870 
9(1<.(10 
7742(' 
9b2:90 
79630 
132:700 
60550 
53350 
582:50 
144000 
144000 
101(100 
110000 
164200 
105()(l(' 
79370 
114200 
1071(10 
116500 
73('00 
51800 
61600 
49(' 
693 
B09 
942 
953 
: 136 
3467 
8bO 
1103 
1321 
1471 
1304 
1155 
1162 
629 
b98 
960 
1150 
1440 
1130 
1450 
464 
512 
2bOOO 
ZK<OO 
:6<· 
~:5: 
:<{B(} 
400 
2-b{' 
422· 
l.?e, 
~3 
134 
:!"5~, 
19t· 
81i> 
620 
600 
370 
368 
485 
560 
816 
710 
·722 
771 
337 
329 
318 
319 
8190 
8020 
6920 
:<370 
5E'\() 
658(1 
1276 
726 
B72 
.J 
Table B-3. Continued. 
. " '.,..:.. . .,..;.. ;"",,' '''':'''~ .... ' ~' 
---.. . .. : : STCIRM t"UA HVt'RCI STORM FJELD L.:.\:f ~ 
NAME TYPE DATE FLOW LIME< TlME START CONDo CONDo [<leAR£::. CAL. CHLOR. MAG. POT. c;('[lILIM Slll.-FAl 5S TOS TOTAl.- HARD. ICFS) (MIN) (UMHOS) (LIMHOS) (MG/U (MO/U II1G/L) (MG/U (I1C;/1.- ) (MG/U (MOIL) (MO/U (MOIL) (MO/lCACO::') 
SIC S8 091090 1 EA 800 847 93 100 11 16 b 52 302 42200 314 S2C 28 091080 2 EA 1062 1 :;'''90 85 124 1 19 
" 
97 424 49400 310 3B2 S3C S" 091080 3 EA 1250 1240 9(1 132 9 29 t. 107 518 49700 £:58 441 S4C SS (,">1080 4 EA 1435 143(1 93 164 6 3::> 7 l--,'" t;.:{& 4630(0 1172 ~ • .q,"-! • 4' S::>C SS 0<{108(1 12 EA 511::' 507(1 16:? 333 2b 151 13 tZ-:. ::::4(1 374(10 143(' S6C SS O?lO80 2(1 EA 2591 2130 117 313 12 71 1(> :;1(1": : :'"09(. 871(10 2::.86 1 (lb(t S7C SS 091080 1<' C 28 EA 2142 2150 96 260 5 49 9 li2: 11('(, 937(1(' 1876 84:< S~-l oe: S~ 0';'1(.::<0 76 EA l-;'O~ 2(l30 21<' 293 6 42 9 14~. ! 12(: (· ... ,,-;00(1 17 ¢.,(l 
€ole;-:: S11C SS ('9109(' 100 EA 2100 2070 11<' 28::- 9 49 10 )::,b 1: 3(1 4';'00(' 1788 902 51[1 SS 1012'80 ::. R 1 NO 7;:-05 74::.5 184 349 97 264 16 12::0\(1 4:~4(! 60 1'"s<;. 52!:) S5 1(1128(' 2 R 2 NO ~.9'9~ 5960 117 323 38 24(1 1 1 1('7(, 436(' ~·(I~O(· 1790 S3[> 8S 1(.1280 
'" 
R 3- NO 6250 b8S0 149 349 53 3::>8 18 1 :<6(' 572(· ~·,:.:"bOO : .:<4(, $4tl 55 )01280 4 R 4 NO 7('68 6970 107 347 47 252 II 114(' 4(.7(' ~.::.-~,()(, 190(, S5D 58 101280 5 (' 12 NO 727::> 7265 120 340 36 287 12 127C> ~·4=:.(1 696(1(1 2(13(1 S6D 58 1('1280 4 F 20 NO 0634 6900 127 329 360 241 14 131(1 '.',1:.50 91:>200 1810 57-SD 58 101280 3 F 44 NO 37121 3730 92 281 21 121 10 ~Y17 276(' 62500 181(, 5<;1-10[> S8 1012BO 3 F 76 NO 2806 2780 65 268 13 115 9 '::88 1590 ~·53()O 1140 Sl1D SS 1(11280 2 F 1(>0 NO 
WI-2A S5 082078 14 R 2 NO 2166 167 229 3214 <l <;> 176 £'24 1 (t(.(120 17 (13 ~.6:11 W:1I-4A 5S 0E<2078 33 C 4 NO 2775 167 321 73'1 <1 10 265 1176 H'9660 2113 70'1 W5A S8 082078 34 C 12 NO 799:. 339 458 111 97 14 1200 3138 7574(' 5800 154<> CO W6A S8 082076 34 C 20 NO 12640 462 336 601 292 21 1626 4424 S9(JOO 9246 205' ... V1 W7A S8 082078 34 C 28 NO 10912 328 321 68 552 24 2339 5891 79160 )0369 3(>99 WSA 55 082076 15 F 44 NO 4699 582 :;:"'34 24 2S:{(1 222180 W9A 55 OB2078 7 F "60 NO 
14101'1 SS ('82078 4 F 76 NO 
\.lIB S5 OB1379 1(> R 1 NO 6464 284 445 48 158 15 1126 5996 72330 6438 1800 W2B SS ()$1379 15 R 2 NO 6626 242 461 191 532 29 1754 7621 104960 16573 :":<67 W3B SS 081379 22 R 3 NO 14357 209 461 191 410 29 2832 7559 13::·650 13902 2957 W4E< SS 081:1179 29 R 4 NO 11845 227 'I'll 153 318 22 2255 7121 1 12('50 1122(' 2423 W::>B 85 ('81379 93 R 12 NO 13993 203 421 191 453 3'1 2832 7621 187890 1:116::>9 2<;t38 W6e SS ('81379 ::>60 R 20 NO 8173 745 421 191 40'1 41 2984 7621 144400 14479 2732 W7B S8 (.81379 590 R 28 NO 
W8B SS 081379 630 C 44 NO 8290 925 401 182 378 41 2769 7496 216540 13863 2577 W9E< S8 081379 630 C 60 NO 1407::> 340 421 239 453 42 273<;" 7621 996010 15337 2938 WI OS S5 081a79 630 C 76 NO 
IH lB SS 0'31379 610 F 100 NO 
1.112-148 S'S 081379 25 F 124 NO 14a57 190 421 201 428 '13 2415 7496 a:<55(. 13203 2835 W1C SS 090980 15 R 1 NO 
W2C SS 090990 25 R 2 Nel 
W3-4C 58 090980 25 R 4 NO 9778 9150 119 355 60 235 18 2430 ~"140 bl80(l 8300 1850 W5C SS 090980 26 C 12 NO 12768 149(>0 240 332 402 56 25 3340 8630 8800() 23b(l Wb-7C S5 090990 26 C 26 NO 10440 9150 102 404 74 264 22 1860 616(' 113000 209(' wee 55 090980 26 C 44 NO 8378 91::>0 133 215 392 29 19 1960 553(' 120000 IElbO W9C 5S 090980 26 C 60 NO 12300 14900 130 344 348 44 18 2690 U .. 90 23000(1 2280 WIOC SS 090980 16 F 76 NO 9541 11 :11(>0 110 271 396 39 25 219(' 686(} l-;"S(lO(l 21OC' Wl1-12C 5S 090990 17 F 124 NO 7623 80l'O 109 256 412 35 23 1790 ~t72'(1 108('00 ;.008(' Wl:.c SS 0909'80 18 F 148 NO 8994 9150 124 " 281 404 42 25 2050 bl60 12~('OO 2160 W14C 5S 090990 18 F 189 NO 6353 8010 134 288 440 36 25 1450 473(1 )7400(1 228(1 Wl'5C l>'S 090980 18 F 212 NO 
.J 
Table B-3. Continued. 
I' ........... 
-......r=< 
5TOR:M L'ATA HYDRO 510R:M Fl ELD LAB. 
NAME TYPE [tATE FLOW LIMB I1ME START CONDo CCI"lD. BICAR&. CAL. CHLOR. MAG. POT. SCtlJIUM SULFAT 5S T[lS 1 OT A~ '"i"<'iD. (CFS) (MIN) (IIMHOSl ( IIMH()S) (MO/Ll 01(i/L) (MOIL) (MOIL) (MC'/Ll (MOIL) (MG/L) (MOIL) (MO/U (MO/LC:AC03) 
w·#,... SS 090980 18 F 244 NO 4441 5490 103 142 440 17 19 659 2580 94300 It-SO .W~ 10110 SS 1014$0 7 R 1 LA 
10120 SS 101480 8 R 2 LA 
1013[1 SS 101480 9 R 3 LA 
W4D S~: 1(.1480 10 R 4 LA 
W5D 55 101480 15 R 12 LA :<973 379(} 52 26(1 ::1-' 104 1 ~. 719 2830 73200 108(' W6D 5S 101480 16 R 20 LA 4110 :;:8bO 82 28( .. 3(' 123 11 7(16 2840 95700 1220 W70 S5 1('1480 24 R 28 LA 4610 4t-20 102 3~·4 41 116 13 772 3270 105000 1:<60 
waD 5S 101480 68 R 44 LA ~·::26 ~.70(l ~2 381 45 16:< 16 9EtB 3620 154000 1620 W90 55 101480 71 R 60 LA ::8::·13 ';·100 90 :"85 57 207 18 114(' 4370 213000 1810 101110 SS 101480 74 R 100 LA 4454 482(1 159 :;19';. ~.(l 155 16 785 354(' 188000 1630 W12D 5S 101480 75 R 124 LA 
10113[1 5S 101480 75 R 148 LA 
101140 55 101480 75 R 188 LA 
101150 S5 101480 75 R 212 LA 
101160 SS 101480 73 R 244 LA 
101170 SS 101480 210 R 284 LA 
W18D SS 101480 295 R 324 LA 
101190 S5 101480 275 F 364 LA 
W200 SS 101480 16 F 412 LA 
00 01-3A 55 072279 51 R 2 EM 
0"1 04-6A 55 072279 59 C 12 EM 
G7A S5 072279 62 C 28 EM 
08-101'1 5S 072279 71 C 60 EM 
GilA S5 072279 52 F 100 EM 
012-15A 5S 072279 ::<8 F 164 EM 
016-18A S5 072279 23 F 284 EM 
01-4B 55 (>61379 16S C :3 LE 11684 12110 278 361 287 837 15 1992 7646 920 12754 438Et OS8 S5 OB1379 160 F 12 LE· 11264 lZ233 42'S 341 258 579 16 1776 6871 1473 11456 ::<265 G6-EtB 5S 081379 147 F 28 LE 9576 ]0231 2e~t 341 229 649 IS 1652 6496 2081 9583 ::<556 098 5S 031379 145 F 60 LE 12726 lA615 348 421 373 728 21 2561 7559 ~8:{60 14834 4082 01OE< 55 081379 141 F 76 LE 8750 10056 284 441 229 348 16 1325 5871 85440 9356 2551 011-12B 55 ('81379 133 F 124 LE 8190 8247 255 441 162 342 15 1082 ~·'34(1 52040 7924 2526 013£< 55 081379 127 F 148 LE 8757 1 (105(:· 732 441 191 379 20 1466 5996 11023(. 9632 2680 0148 S'S (.81379 122 F 180 LE 7686 9484 285 461 162 367 20 1244 5684 1('2740 8493 2680 015E< 5S 081379 117 F 212 LE 6250 7559 257 441 143 243 19 861 4528 89180 6804 2113 0168 5S 081379 117 F 244 LE 5650 6309 :<51 441 96 194 17 806 ::-<246 83310 5922 1907 017-208 55 081379 112 F ::<44 LE 6313 6522 471 401 153 267 16 861 4590 54410 6707 2113 G26C SS 082::::-<9:0 73% A 7860 8120 1923 A50 185 466 12 1(190 4700 29210 7540 3030 G27C 5S 082380 788 A 2856 2850 1944 289 69 112 7 262 1:500 3':'0\350 2280 1180 G28C 55 013'2390 8H A 1964 2030 1038 271 50 38 8 136 971 3034(. 1580 834 OlD 5S 090780 1 NO 3526 3500 268 397 47 151 11 310 1940 67900 1610 02D S5 090780 2 NO 38Sb 3580 261 429 52 166 11 353 2160 ::-5000 1750 030 SS 090780 3 NO 4123 3930 251 421 57 183 11 404 2060 22200 1780 /'II A SS 082380 6 R I A 
M2A SS 082380 e R 2 A 
113A 5S 082380 15 R 3 A 
/14A SS 082380 22 ,,R 4 A 
115A SS 082:<80 25 C 12 A 
MbA 5S 082380 20 F 20 A 
Table B-3. Continued • 
• "'111., j,' >.,..' ,.'1' ........ '~-",l'W .• '-j.,.:....~' -:... '.' 
·"j.)RM DATA H""DRCI S1C'RI'l FIEU. LA!: .• 
NAI'lE TYPE [lATE FLOW L 11'1[' 111'lE l'TAfn CON[I. C:C·Ntt. BICARB. CA:.... C'HLOR. MAG. P(..IT .. S~'DIlIl'l SllLF Ai S'E 1 tl~, ·':(fft.L """'r,. 
(C:FS) (MIN) tUMHCIS) (lIMH(lSl ( MOIl) tM(l/L) ,MOIL) (MOIL) (MCdL) (MO/U U1G/LI (MUlL' \ M,:./L l t :1(: iLC4r; 1:' . 
M7A SS 0823BO 14 F 28 A 
MeA SS (;B2380 S F 44 A 
1"9A SS (182380 ~. F be A 
MICIA SS OB2380 4 F 76 A ;;. 
MilA S~; (lE:Z:<S(I 4 F 100 A 
M!2A ss (~82:-:8(1 3 F 12" A 
MIE! SS 09"] (18(1 1 MA 148 229 3b~· ':·6 4 37 4 3 14 3420C' 2t.:' 
M2B S~: 091080 . MA 14:< 2:!9 104 3:: ::; I 3 5 19 3!:·200 8.G 
:138 SS (I'll C:80 3 MA 140 229 122 34 2 1 4 3 16- 27~·O(J ",.,. 
"''IE: SS (l." I 08C. 4 MA 136 229 112 27 6 1 ::. :3 15 347<'(' 7.1 
!":~.p SS 0" I (lBC' 12 MA 122 114 24 -, 2 -, :3 10 ::::2S<O(' ,::.f 
M~F SS 091080 2(J Mi> 239 280 10"1 51 3 3 :5 41 ::·61 {I(I .. 
M7E< S8 (1'1108(> 28 MA 284 343 182 b~' :;. :< s 10 71 16Z0(· ~. 
MSE< SS 09108(' 44 MA 304 :,43 147 57 :::: ~, 5 7 81 986(> ~L 
M9B S8 091080 60 MA 343 2Sb 121 5'1 Z 7 ':' e 93 b59{1 ~c 
1'110E! sO' 09108(1 7/:;. MA :<86 :<'13 121 71 4 'I 4 12 112 4b6(' ':'t- ':",~, 
1'1118 5S 09108(' 10(' MA 398 355 94 51 4 13 4 8 94 ::::",,::.:7(1 8(-
l'llZB sO' 091080 124 MA 4C>9 446- 1(>7 b7 1 7 4 7 91 2 r:l'"YO :,",,': <;r .. .:. ... 
MI3B ss 091080 148 MA 465 458 100 4 19 4 35 4(1 I5S:~(; :;:.--
LIlA SS 0823ao 9 R 1 EA 557 595 b37 97 2 140 4 <5 lib 91 :<60 '](,::. 
CX) '-'2~ SS 082380 10 R 2 EA lObO 1140 1145 18::< 7 30 6 16 762 13~~50(' 7f 
........ 
1I3A S8 0823BO 12 R 3 EA 
-
IJ4A SS 082:<180 13 R 4 EA 
-
LISA SS 082:..c80 15 C 12 EA =--
U6A SS 082380 12 F 2C' EA ~~ 
U7A S8 oanso 10 F 28 EA s'" 
ueA S~: OB2380 b F 44 EA 
U9A 8S OS2:{80 4 F 60 EA 
'-'lOA SS 082380 2 F 76 EA EI-
ABI'REVIATIONS 
(:=COAL 
S=SOLDIER 
1-I=IoIATTIS 
M=MAIN WASH 
l!=SUNNYSIDE UPPER 
G=GRASSY TRAIL 
SS=SlORM SAMPLE 
LA=LinE AFTERNOON 
EA=EARLY AF1ERNOON 
LE=LATE EVENING 
EM=EARLY MORNING 
NO=NOON 
A=AFTERNOON 
MA=MID-AFTERNOON 
R=RJSING LIM£< 
C=CREST 
F=FALLINO UM£< 
00 
00 
.J 
Table B-4. Grab sample analyses and flow and conductivity measurements by on-site recording equipment. 
« iLl l .« =--' ...:..... . S , 'd"............... m = c 
SHE DATA 
NAME TYPE ['ATE FLOW CONDo BICARB. CARl-tD"IATE CALCIUM CHLORIDE MAGNESIUM POTASSIUM SODIUM SULFATE SS TDS TC.1AL HARt·",. ~.~. 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HE1NER 
HEINER 
. HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEII~ER 
HEINER 
r.E1NER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
HEINER 
(CFS) (LIMHOS) (MG/L) (MOIL) (MOIL) (MG/Ll (MG/L) (MOIL> IMG/L) (MOIL) (MG/L) IMC"L) 'MCilL (:A(:('::;:' 
103080 
102380 
GS 101680 (is 100980 
1002£:10 
092580 
(19188(' 
09118(' 
09(1480 
GS 0';'0:<80 
(;S 082B80 
082180 
081480 
090780 
073180 
072480 
071780 
071080 
070380 
GS 062680 
0619:30 
061280 
061180 
«S 061080 
«s (160580 
(152980 
(152280 
051580 
«S 050880 
050180 
OS <'42480 
('4178(' 
('41080 
CiS ('40480 
53.0 
49.0 
83.0 
110.0 
76.0 
59.0 
63.0 
91.0 
170.0 
190. (I 
Z35~ (, 
247. (> 
210.0 
262.0 
300.0 
268.0 
262.0 
307.0 
360.0 
635.0 
H'10. 
1020. 
1030. 
1060. 
770.0 
::092.0 
785. (I 
se.(l .. 0 
460.0 
2(12.0 
297.0 
GS 040380 160.0 
(132780 287.0 
032080 75.0 
031380 29.0 
030680 40.0 
OS 030280 
022180 46.0 
OS 012180 
010380 
122779 
122079 
16.0 
22.0 
29.0 
OS 1217.79 
120679 25.0 
GS 120179 
OS 11 2979 170. 0 
112279 22.0 
703 
570 
450 
432 
579 
592 
617 
371 
391 
393 
::<45 
367 
377 
372 
391 
398 
421 
427 
312 
390 
380 
390 
414 
396 
427 
495 
563 
476 
518 
490 
514 
384 
375 
420 
382 
505 
859 
740 
819 
769 
805 
705 
788 
755 
796 
205 
207 
107 
228 
283 
257 
426 
292 
271 
324 
340 
10 
7 
12 
4 
4 
5 
7 
52 
42 
61 
65 
99 
40 
29 
89 
65 
81 
77 
4 
15 
7 
7 
8 
9 
11 
28 
25 
21 
31 
18 
20 
25 
12 
30 
28 
21 
33 
33 
41 
49 
3 
2 
2 
2 
5 
4 
5 
4 
4 
4 
35 
5 
16 
14 
20 
12 
39 
31 
35 
37 
92 20 319 204 
6 73 187 188 
40 40 265 2':.8 
36 158 209 
81 2948 325 370 
51 2340 356 215 
37 108 192 158 
119 50 480 3~·4 
76 47 434 300 
104 (I 537 307 
18 5 503 392 
.J 
Table B-4. Continued. 
, I'lli ... " '.-" ·......:..,liII· . ~.,.";.,, .. . '~ .• :..'!' 
-oIw.Ao.~_ U~ ... .......... 
SITE [if41k 
NAME lVPE DATE FLOW CONDo EtJCARB. CA'<BCoNAlE ('A~C IUM CHL(.RH'E M"'C'NESIUM P(llA~:SJl'M sc·r'lUM SULFATE SS HIS lOTi'lL HA"<['NESS 
((,:FS} (UMHClSI ( !'I(<lLl (~O/L) {MOIL) (MG/L) (MOIL) (MOIL) (MOIL) (MOIL) (M(;/L) (MCi/L) (Mei/L (:ACCo3l 
HEINER 111579 17.0 ,,,2;3 
HElNER 110979 21. 0 
HEINER 110879 28. (l 735 
HEINER O~: 11027';- 27<" (l 51> 17 3l <3 24 134 4 472 21>4 
HEINER 110179 25.0 841:< 
HEINER 102579 29.0 701 
HEINER OS 101879 51. (l 570 
HE1NER 101179 72.0 :;<65 
HEINER 100479 76. (. 890 
HEINER GS j('oZ79 183 4 40 17 (3 9 7 8 IS4 172 
HEINER os Or,'2779 170. 0 341 
HEINER 092079 15B.0 33~' 
HEINER 091379 158.0 339 
HEINER 090679 184.0 349 
HEINER os 090579 229 2 44 7 22 3 12 10 286 202 202 
HEINER OS 083()79 120.0 300 
HEINER 082379 79.0 438 
HEINER 0816079 162.0 393 
HEINER 08('979 227. 0 35/:. 
HEINER 080279 213.0 378 
HEINER os ('72679 200.0 385 
00 HEINER 071979 MI. 0 386 
1..0 HEINER 071279 244.0 366 
HEINER 070579 294.0 406 
HEINER OS 062S79 310.0 224 :2 48 7 21 2 13 49 49 21 33S 
HEINER 062179244.0 444 
HEINER 001479 336.0 458 
HEINER 060779 368.0 488 
HEINER CiS 053179 370.0 150 3 98 37 6 22 144 264 270 ~,85 
HEINER OS 052979 ~.bO. 0 524 
HEINER OS 051 779 ~:.t O. 0 544 
HEINER 051079 340.0 (,00 
HEINER 050379 358.0 571 
HEINER 042679 390.0 546 
HEINER OS 042079 162 :3 48 11 48 2 30 1(,0 650 320 (,11 
HEINER os <'41979 360. 0 ::.52 
HEINER ('41279 165. (I ~3b 
HEINER 040579 91.0 562 
HEINER OS 082979 74.0 912 
HEINER OS 032879 142 5 83 40 4(, 3 58 170 514 595 398 
HEINER OS 022279 558 130 2 83 21 18 2 24 79 82: 434 280 
HEINER 122178 2.8 922 
HEINER OS 121578 136 (. 94 32 44 3 55 207 201 696 416 
HEINER OS 12147S 9.0 1029 
HEINER 120178 153.0 823 
HEINER OS 112578 178 0 119 20 28 5 85 173 2 632 414 
HEINER OS 112378 17.0 1032 
HEINER 111678 lf7.0 1001> 
HEINER 11(.978 151.0 1043 
HEINER 110278 29.0 638 
,J 
vv ... I. ... ..&..I.I.~_-. • 
. .. ....:, 
SITE DATA 
NAME TYPE DATE FLOW CONDo BICARB. CARBONATE CALCIUM CHLORIDE MAC<NESILIM POTASSIUM SODIUM SULFATE S5 TDS 101 AL HAR["·~E: SS (CFS) (UMHOS) (MG/L) (MG/L) (MG/L) (MG/L) (MG/L) (MOIL) (MC</L) (MG/L) (MC;/L) (MC</L) (MG/L t.AC(3) 
HEINER GS 103078 825 240 86 67 38 5 56 219 6 803 376 
HEINER OS 102678 20.0 898 
HEINER 101178 80.0 394 
HEINER GS 100678 73.0 414 177 62 8 10 2 16 41 5 273 196 
HEINER OS 092078 160.0 368 129 51 7 16 4 E· 20 18 253 19(:. 
HEINER 091878 145.0 358 
HEINER GS 091178 541 151 48 9 33 2 12 41 20 2Bl 257 
HEINER 091078 145.0 363 
HEINER OS 090778.140.0 339 
HEINER 090378 150.0 343 
HEINER 082778 160.0 341 
HE It.iOr.: GS 082078 150.0 393 165 46 42 67 : .. 'IE- 52 lC'2 316 ::::-<94 
HEINER 081378 195.0 342 
HEINER 080678205.0 335 
HEINER GS 073078 220.0 347 
HEINER GS 072978 301 117 51 9 20 2 19 259 41 36b 208 
HEINER (IS 072578 364 120 51 6 20 2 20 73 94 321 211 
HEINER OS 072378 240.0 349 
HEINER GS 071878 818 I'll 55 7 17 2 20 66 62 408 20e 
HEINER GS 071678 270.0 347 
HEINER 070978 280.0 376 
\0 HEINER GS 070678 446 148 57 7 37 4 28 92 28 357 211 0 HEINER GS 070278 280.0 393 
HEINER GS 062678 910 170 55 6 27 2 18 250 
HEINER GS 062478 320.0 427 
HEINER GS 061978 671 179 49 7 23 2 19 89 2 300 220 
HEINER (;S 061778 310.0 429 
HEINER GS 061278 ·595 222 60 25 5 14 47 393 253 
HEINER OS 060978 310.0 474 
HEINER GS 00.0278 310.0 536 221 69 6 14 2 19 153 353 231 
HEINER GS 052778 614 248 68 5 21 2 21 283 294 251> 
HEINER (,"5 052678 320.0 588 
HEINER GS 052078 350.0 624 250 70 7 18 3 15 54 403 289 250 
HEINER (;S 051378 340.0 527 253 79 8 17 3 16 57 642 316 266 
HEINER C;S 050878 568 131 75 10 18 3 17 164 874 399 261 
HEINER GS 050678 350.0 624 
HEINER GS 042878 320.0 541 287 64 6 26 3 18 88 858 322 269 
GRASSY 103080 5.0 5168 
GRASSY 102180 8.3 4601 
GRASSY GS 101680 5070 339 321 79 268 10 764 3640 14 5620 1900 
GRASSY 101:-<80 2.3 5242 
GRASSY GS 100880 0.8 5590 
GRASSY 100180 0.8 7928 
GRASSY 092480 1.0 5375 
GRASSY 091880 1.3 5050 
GRASSY 090480 4.0 5348 
GRASSY GS 090380 4670 328 436 130 148 11 563 2700 311 4150 188 
GRASSY GS 082880 4.3 4444 
GRASSY 082180 9.4 5044 
GRASSY 081480 8.6 5625 
·J 
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SITE [lATA 
NAME TYPE DATE FLOW CON[\. BICARB. CARBONATE CAL(:llIM Ct-IL 'JRIOE Mt\I::.t<ESIllM POTASSIUM $O['ll1M SLILFATE 8S 'TlJ~. '(lTAL t-IAR:'Nt:;:::S 
(CFS) (lIMH(IS) (MG/L) 'MG/L) ,MOIL) (MOIL) (MOIL) (Me;/L) (MG/L) (MOIL) (MOIL> (M(./Ll (Me'lL (:>'>(:(1:;<) 
(,RASSY 08(1780 70'S 5251 
('RASSY 08018(: B -. 7490 
r3RASSY 072480 9. 0 ~·.t;72 
GRASSY (17178[, 1 :C" 0 407(' 
('RASSY 07) 08{) 24 .. (I 2'S·9~. 
GRASSY GS ('7('380 1760 1 (>4(' 163 49 131 6 239 704 8~86 1820 943 
GI<ASSY (is 070880 40. (> :;:142 
rjRASSY OS (1c..:;'t~,8:(1 ::::13(1 151 'I I:U· 49 137 4 283 694 3E< ,1450 87'1' 
G'<ASSY OS Ob2MlO 29.0 2177 
('RASSY (Ie·! <;-80 '1:'5.0 1'151:> 
('RASSY Ot,) 280 54.0 11:<4 
r::"RA~:SY os (1:.1 (180 ",06 307 5 8"7 27 42 3 131 419 144 73:5 :::91 
['RASSY os 061:1:.8(~ 72.0 1024 
GRASSY 0529BO -'7.0 H'37 
GRASSY 05218(> 61. (0 869 
GRASSY (I:"! '1BCI 62. (I 1170 
GRASSY GS (J~.()9B(I 77" 0 8'179 
('RASSY (:i~; (t50S8(1 10'10 343' 132 12 68 3 74 448 1605(1 H'I(1 b08 
GRASSY (14 :"'(.13(' :~e. 0 Z17~· 
GRASSY G~" (1:'::::.80 3~,. 0 1715 
(,RASSY (-is (l4~4BO PI::; 295 7 :<18 32 4 6 173 879 22620 1414 809 
\0 GRASSY 0418S0 25.0 1 ~,,,'1C> 
t--' ORASSY 041880 16.0 '1~'95 
ORASSY 0411BO 9.0 5",61 
('RAeSY GS 040'180 5520 t;.5!:~ 210 214 380 10 523 3276 (5 5575 2080 
('RASSY OS ('''('480 '9.0 5821 
GRASSY 032880 9.0 6'596 
(,RASSY O~o{~l80 9.0 589(1 
GRASSY OS 030280 '5'177 340 534 158 2(14 10 596 30b8 9 4900 .2167 
GRASSY OS 022-;-80 1 (I. 0 5814 
('RASSY 020180 1.0 7174 
GRASSY OlC·480 2. (I 7412 
GRASSY 122879 0.5 637(' 
GRASSY OS 121779 7029 426 '145 210 542 13 1344 3775 7555 3333 
GRASSY (is 121479 1.0 7254 
GRASSY 120779 3.0 595 
GRASSY GS 120179 6758 457 '108 218 467 13 1439 3925 '5 7.713 3Jl~ 
GRASSY GS 11 :<079 2.0 7161 
GRASSY 112379 1.0 /:.547 
('RASSY 111679 10.0 66~O 
GRASSY 110979 19.0 5~193 
GRASSY GS 110279 5431 324 3(17 170 362 4 551 3338 2: 5608 225(1 
GRASSY 110279 19.0 6421 
GRASSY 102679 21.0 5870 
ORASSY GS 101879 21.0 '5837 
GRASSY 101179 19.0 6348 
GRAS-SY 100479 19.0 6191 
ORASSY OS 100279 ~620 257 10 324 1604 370 4 :5('4 3507 H' 598'5 2323 
GRASSY OS 092779 17.0 5883 
GRASSY 092079 15.0 5773 
j 
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SITE [lAH' 
NIIIME TYPE DATE FLOW COND. BICA"<B. CA"<BCtNl-llE CALClll., CHLORIUE MA('NESIUM POH-\~;~;IUM SODIUM ~if.\LFlHE $S TDS 1 01 AL Ht.;"<["lE S~, 
(CFS) ( l'MHO~~) (MOIL) (MG/L) 'MOIL) (MG/LI (MOIL) (MOIL) (MOIL) (MulL) (MG/L) (MG/L) (MOIL (AC03 > 
(.RASSY ()91379 15. (! 6:292 
GRASSY 090679 13. (I 6080 
('RASSY OS (190579 "'·86b 279 337 182 398 12 857 4871 8 6632 2500 
GRASSY G8 <>83179 26.0 b069 
GRASSY 082279 15. (. 5597 
GRASSY 081679 19. (, ~I09(j 
GRASSY ('80879 13. (I 6773 
C'RASSY (180179 14. 0 c·882 
GRASSY GS 072679 1:"·.0 6:,7(' 
(.'<ASSY 071979 13. (I bSIl 
GRASSY (171279 14. (I 6160 
GRASSY 070679 18. (J ::;350 
('''~ASSV GS (>62879 6807 7B7 ~.51 185 319 10 615 3015 '5 319 bS07 
ORASSY GS 062879 19.0 ~.Ct73 
('RASSY 061979 :35.0 2930 
m'!ASSY 061379 39.0 2564 
GRASSY 0(,0679 65.0 168(' 
«RASSY os ('60179 78.0 13E<~' 
GRASSY OS 053179 1477 142 7 9(' 27 78 4 123 60'5 799 ~50 1477 
GRASSY GS 052379 14:38 132 4 95 17 57 4 98 :,:151 3630 472 1438 
GRASSY os 0::>2379 127.0 1104 
\.0 GRASSV 0:·107'9 44.0 2344 
N (.RASS¥ 050379 38.(> 2736 
GRASSY 042779 48.0 2668 
GRASSY 042779 48.0 2668 
GRASSY as (142079 3564 241 2 196 82 205 7 :,:189 1340 854 3120 35b4 
GRASSY OS 042079 35.0 3509 
GRASSY (141779 33.0 3936 
('RASSY as 041379 5331 196 280 160 333 8 550 2776 136 5502 2100 
GRASSY GS (>41379 28.0 5743 
GRASSY 113078 O. 03::. 6301 
GRASSY OS 112578 7800 Ib5 595 176 270 11 708 4002 2 5662 2636 
GRASSY GS 112478 0.047 6512 
GRASSY 111778 0.1 6234 
('RASSY 111078 0.18 0703 
GRASSY 11(>478 0.26 2940 
GRASSY OS 103078 0214 242 425 214 35S 13 727 3800 <I 6800 2~,S(l 
GRASSY OS 102778 O. 1::· 6830 
GRASSY 101978 0.085 6950 
GRASSY 101278 0.05 7276 
GRASSY GS 100678 1<>062 194 400 194 371;. 8 b18 3800 5 6962 2564 
GRAS'SY OS 100578 0.05 7:<83 
GRASSY 092878 0.05 7303 
ORASSY OS <'92078 4091 121 287 137 262 14 591 1774 65 3530 1810 
(,RASSY GS 091978 O. 105 4110 
GRASSY 091478 0.015 8100 
GRASSY as (191178 12042 21Cl 52<? 207 72t. II 1167 5034 17 7975 4343 
GRASSY OS (>9067* 0.001 852'9 
CiRASSY 082978 0.005 8800 
GRASSY 082478 .005 *aoo 
.1 
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SITE ('~lA 
NAME TYPE DATE FLOW CONDo Bl(",ARB. CA~:KINATE C",-UUM C:HL~I"'I[1E MA,'NESIUM f'OTA~;~.JlIM SO[lIUM S(tLFATE ~;s HIS TCJTAL HA"lIN:::SS 
(CFSl (UMHCOS l ';MCiJL' (MG/LI ( MIJ/U (MC./Ll (MCi/L) (MG/L) (MG/L) (F10lL) (MCUL) (MO/U ( Me' I L CAeer;:. ) 
GRASSY CiS 08227B (1.01 7952 
GRASSY GS 082078 8/:-90 205 36 ... 289 436 14 1348 44/:-7 184 7700 2732 
OI<ASSY OS1278 0.001 8/:-45 
c.kASSY (IB0678 O. 01 7<;':;\7 
GRASSY GS ('72978 .03 720('1 163 .42-'::' 1<;'5 1:-:".4 12 1.087 4399 2:- 7201 3822 
GRASSY OS 07297B 0.08 7595 
('''<ASSY GS 072578 2892 246 4t·~, 171 352 1~ 924 371>0 71 /:-454 2/:-26 
(iRASSY (is (172378 0.04 ~'340 
(,;,ASSY (is (171878 81B3 2(15 477 ::-08 ~C>/;. 13 1119 4200 13 7138 2881 
C·RASSY (is (171578 0.001 795(1 
GRASSY (.70976 O. (lO~· 7~·13 
GR4SSV (is 070/:-78 602t 21 (I :"'67 19:, 373 12 l150 3539 2~' 6220 2474 
GRASSY GS 07017B (1.01:;\ 66/:-6 
ORASSY 13$: 062678 6373 224 40:;· IS:"· ::5(' E< 920 246!::. 
C<f<ASSY GS ()6247S .O/:- 6405 
ORASSY G'O; 0/:-1978 4/:-97 229 ~~28 17 313 7 84(1 1110 2 ~<100 2120 
ClRA$'SY (is (ie-177S 0.05 ~,538 
GRASSY OS 0/:-1278 2976 19/:- 299 89 Ib3 9 338 1730 t- 11:,87 :426 
GRASSY as (i/:-097E< 1.0 3744 
GRASSY GS 060278 2541 77 245 59 )02 4 3M 17:< 1677 1('37 
\0 
GRASSY os (ie-027S 1.4 2870 
GRASSY ClS 0'52778 2232 243 13:::'" 23 122 :3 252 281 1961 840 W GRASSY OS 0:;\2/:-78 1.05 23b~1 
GRASSY OS 0'52078 3.17 2000 224 131 43 103 5 176 102(' 542 178e- 757 
ORASSY os 051378 3.74 22n· 231 19:;\ :;.1 94 5 207 11 SO S8E< 1970 879 
GRASSY OS 042878 3.958 2651 295 223 77 150 7 316 1838 635 2806 1180 
GRASSY 032378 2.934 5454 
WATTlS OS 101480 e-b67 
WATT IS 090980 16.0 
WATTlS 090a80 32.400 
WATTIS OS 070180 0.4 6:;.40 2.580 489 93 347 19 1134 5100 54120 1:-700 2e-44 
WATTtS 052180 21840 
WATTlS 051480 0.5 15540 
WATTlS GS 05('880 1.7 14625 384 2 210 264 710 34 3150 9410 1383 13900 3434 
WATTIS 050280 1. 1 16056 
WATTlS as 042480 1. 1 13/:-24 328 9 242 208 670 34 27/:-0 9470 1125 15410 3350 
WATTIS ('41<·80 2.6 1 ('080 
WATTlS OS 040380 1. 1 133"1'4 838 170 189 640 27 ?-940 9270 2:::<80 1 ~</:-80 :'1050 
WATTIS 032880 1.7 13720 
WATTIS 032180 1.1 12976 
WATTIS 031480 1.7 11468 
WATTIS GS 030780 3.1 9234 719 14 536 116 2.84 19 1940 5418 33/:-00 859::. 2500 
WATTIS OS 022980 14.0 9250 560 445 159 3"1'0 19 1700 6422 6380 9/:-90 2709 
WATTIS 051179 0.02 17755 
wATTIS 050979 0.1 14536 
WATTIS 050279 0.3 14076 
WATTIS 042679 0.3 14490 
WATT IS os 041979 0.3 .12712 I'll 17 424 186 801 35 2b5b 9183 4(1 13::<82 1"'167 
WATTIS 041279 t.7 12152 
WATTIS 040579 ~3 t0476 
j 
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SITE ttATA 
NAME TYPE DATE FLOW CONDo BI CA~B. CARi<ONATE CALC-IUM CH"OR1[lE I1AGNESIlIM PC<Tl\SSlUM SO['lUM SUU'ATE S5 TDS TOTAL HA"['NES~" 
(CFS) ( LII1KOS) (MOIL) (MOIL} (MG/L) IMG/L) (MC·!L) (MG/LI (Me.!L) (MG/L) (1'1(;11..) (MG/L) (MOIL CA(:03 \ 
WATTIS GS 032879 11.0 6'5'56 95 35~ 101 36~· 25 1291 4847 11760 7686 2408 
WATTIS 032279 3. 1 9'516 
WATTIS OS {131 '579 1.3 8753 94 951 117 32 24 1467 5 23 1865 8160 2291 
WATTIS os {130879 12.7 '5531 1>7 76.5 78 195 17 79~ 3111 8:<70 ::;110 1570 
WATTIS 110278 6.3 4785 
WATTIS 081378 0.1 1707 
WATTIS 032278 0.6 8268 
SOLDIR 05:«180 • 001~· 1394 
SOLDIR O=.238(~ .. 0028 2 7 560 
SOL[lIR 051580 • (.(146 23868 
SOLDIR OS 050880 .007 4 24035 444 44 260 217 1030 41 5800 18530 64 26370 4870 
SOLDIP (l'=.OlBO .0023 I 669e: 
SOL['IR GS 0424B(I .018 21147 512 13 28""t 2 Z 8B2 32 5540 15640 192 4240 4330 
SOLDIR <'41780 .00"" 24523 
SOLDIR 04 1 {'80 .006 24638 
SOLDIR OS 040380 18720 911 210 155 7.70 23 3820 13570 468 19190 3680 
SOLDIR 032780 .035 14651 
SOLDIR 032080 .0022 21315 
SOLDIR 031380.008B 17550 
SOLDIR GS 031080 17384 411 10 t·94 163 572 23 4440 10576 432 It.885 4079 
1.0 SOU:tIR (is (>30680 .014 17840 
+"-
~'"'JLDIR OS 030280 92:35 29C. 47E; 96 274 15 2(,(10 6639 '547 9790 Z31e· 
SOLDIR os 022880 .36 11147 
SOLDIR OS (132979 .04 4399 
SOLDIR OS {l32879 4586 70 {l 194 40 112 10 712 2787 7570 3720 951 
SOLDIR (132279 .03 2219 
SOLDIR OS 031579 2931 70 0 327 22 57 8 503 1327 1272 2305 564 
SOLDIR OS 030B79 501 55 C· 119 8 10 4 46 153 2990 408 159 
SUNNLO OS (";'0880 229 67 36 4 '3 '3 2 54 1350 104 
SUNNUP OS 041379 .03B 6060 159 0 491 51 666 12 276 4091 4 b892 4(100 
